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CHAPTER I
THE PROBLEM AND ITS SCOPE
I n tr o d u c t io n  -  A u th o r i t ie s  i n  th e  f i e l d  o f  P h y s ic a l  E d u ca tio n  w ere 
c o n s id e r in g  more econom ical ways o f  d e v e lo p in g  m u scu la r s t r e n g th ,  
endurance and e x p lo s iv e  pow er. R a r ic k  and L arsen^  re p o r te d  th e  fo llo w in g .
THE STUDIES o f  DeLorme ( 3 ) ,  DeLorme and W atkins ( i )  and 
and th e  more r e c e n t  in v e s t ig a t io n s  o f  H e t t in g e r  and M u lle r 
(6 ,7 )  have re v iv e d  i n t e r e s t  i n  se ek in g  econom ical m ethods 
f o r  th e  developm ent o f  m uscu lar s t r e n g th .  The r e s u l t s  o f  
th e s e  s tu d ie s  in d ic a te  t h a t  th e  tim e  re q u ir e d  f o r  b u i ld in g  
s t a t i c  m uscu lar s t r e n g th  can  be s u b s t a n t i a l l y  reduced  over 
t h a t  p r e v io u s ly  b e lie v e d  to  be n e c e s s a ry . The e f f e c t i v e ­
n e ss  o f  DeLorm e's heavy  r e s i s t a n c e ,  low r e p e t i t i o n  e x e r c is e  
program  i n  s t r e n g th  developm ent had been  s u b s ta n t ia te d  by 
H outz, P a r r i s h  and H e lle b ra n d t ( 9 ) ,  Hoag (B ), and D arcus 
and S a l t e r  ( 2 ) .
W hereas DeLorme experim en ted  w ith  i s o to n ic  e x e r c i s e ,  
H e ttin g e r  and M uller u sed  s h o r t  p e r io d s  o f s t a t i c  m uscu lar 
e f f o r t  w ith  th e  te n s io n  l e v e l  m a in ta in ed  a t  tw o - th ird s  
maximum is o m e tr ic  s t r e n g th .
S in ce  H e t t in g e r  and M u l le r 's  ex p erim en ts  w ith  is o m e tr ic  c o n tr a c ­
t i o n s ,  n a t io n  w ide i n t e r e s t  h as  been  s t im u la te d  co n ce rn in g  i t s  u s e .  The 
fo llo w in g  summary o f  an  a r t i c l e  from  S p o r ts  I l l u s t r a t e d ^  p r e s e n ts  some 
o f  th e  v a r io u s  c la im s  co n ce rn in g  th e  e f f e c t s  o f i s o m e tr ic  e x e r c i s e s .
G, Lawrence R a r ic k  and Gene L. L a rsen , "O b se rv a tio n s  on F requency  
and I n t e n s i t y  o f  I s o m e tr ic  M isc u la r E f f o r t  in  D evelop ing  S t a t i c  
M uscular S tre n g th  i n  P o s t-P u b e sc e n t M ales,'* R esearch  Q u a r te r ly  29% 
333-34-1, O c tober, 1958.
^ G i lb e r t  R og in , "G et S tro n g  W ithou t Moving,'* S p o r ts  I l l u s t r a t e d , 
1 5 : 1 9 -2 1 , O ctober 3 0 , 1961.
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N otre Dame f o o t b a l l  p la y e r s ,  th e  San F ra n c is c o  4-9ers and th e  
P i t t s b u r g h  P i r a t e s  b a s e b a l l  team  have been  u s in g  i s o m e tr ic  c o n tr a c ­
t i o n s  i n  t h e i r  t r a i n in g  program . I t  was f e l t  t h a t  t r a i n i n g  w ith  
i s o m e tr ic  e x e r c is e s  in c re a s e d  s t r e n g th  and was a f a c t o r  i n  th e  low 
i n ju r y  r a t e  w hich was e x p e rie n c e d  by th e  p la y e r s .  W eight l i f t e r  L ouis 
P ie e k e , a f t e r  u s in g  is o m e tr ic  e x e r c is e s  a s  a p a r t  o f  h i s  t r a i n in g  
program  was a b le  to  p r e s s  f o r t y - f i v e  pounds more and sn a tch ed  f o r t y -  
f iv e  pounds more so  t h a t  he was a b le  t o  make th e  U n ited  S ta te s  Olympic 
W eight L i f t i n g  Team, P ro fe s s o r  Gene Logan o f  th e  U n iv e rs i ty  o f  S o u th e rn  
C a l i f o r n ia ,  where h ig h  jum per Bob Avant was a  s tu d e n t ,  developed  a 
program  o f  is o m e tr ic  e x e r c is e s  f o r  th e  jum per. In  two months Avant w ent 
from  a  s ix  f o o t  e ig h t  in c h  jump to  a  seven  f o o t  jump. The a ssu m p tio n  
was made t h a t  is o m e tr ic  t r a i n in g  was a c o n tr ib u t in g  f a c t o r .  F ra n c is  
D ru ry  and t r a i n e r  ^ ^ r ty  B ro u ssard  have developed  s p e c ia l  i s o m e tr ic  e q u i-  
m ent f o r  th e  U n iv e rs i ty  o f  S o u th e rn  C a l i f o r n ia  s p r i n t e r s  and f o o t b a l l  
p l a y e r s .  They e x p re ssed  t h e i r  co n fid en ce  in  is o m e tr ic  t r a i n in g  by 
p r e d ic t in g  t h a t  a l l  w orld  w e ig h t l i f t i n g  r e c o rd s  would be b roken  in  th e  
fo llo w in g  y e a r  and t h a t  th e  t r a c k  and f i e l d  r e c o rd s  would f a l l  w i th in  
two y e a r s .  Bob Hoffman, th e  Olympic w e ig h t l i f t i n g  coach s t a te d  t h a t  
th e  r e s u l t s  o f  is o m e tr ic  t r a i n in g  a re  m ira c u lo u s .
Though th e s e  v a r io u s  c la im s have been  made re g a rd in g  th e  e f f e c t s  
o f  is o m e tr ic  e x e r c i s e s ,  n o t  enough e x p e r im e n ta l work has been done to  
p rove  c o n c lu s iv e ly  t h a t  th e s e  r e s u l t s  can  be o b ta in e d j  o r t h a t  th e y  can­
n o t be o b ta in e d .
The in c o n c lu s iv e n e s s  o f th e s e  c la im s ,  th e  r e c e n t  r i s e  i n  i n t e r e s t ,  
and th e  im p l ic a t io n s  o f t h i s  ty p e  o f  e x e rc is e  f o r  m uscu la r developm ent
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have been m o tiv a tin g  f a c t o r s  in  p rom pting  th e  a u th o r  to  conduct t h i s  
s tu d y .
I .  THE PROBLEM
S ta te m e n t o f  th e  Problem  -  The pu rpose  o f  t h i s  s tu d y  was to  d e te rm in e  
th e  e f f e c t s  o f is o m e tr ic  e x e r c is e s  upon (a ) m uscu la r endurance o f  th e  
u p p er e x t r e m it ie s  and th e  sh o u ld e r  g i r d le  a s  m easured by th e  a b i l i t y  to  
do c h in  ups and (b ) m uscu lar e x p lo s iv e  power o f  th e  le g s  a s  m easured by 
th e  v e r t i c a l  jump.
A n a ly s is  o f  th e  Problem  -  In  p la n n in g  a program  to  d ev e lo p  m uscu lar 
endurance  and m uscu lar e x p lo s iv e  power a s  m easured by c h in n in g  and th e  
v e r t i c a l  jump, is o m e tr ic  e x e r c is e s  r e l a t i n g  to  th e s e  two f a c to r s  had to  
be d e te rm in e d .
An i n i t i a l  t e s t  o f  m uscu lar endurance and m uscu lar e x p lo s iv e  
power was g iv en  by hav in g  th e  s tu d e n ts  com plete t h e i r  maximum number o f  
c h in  ups and maximal v e r t i c a l  jump.
A program  o f is o m e tr ic  e x e r c is e s  was a d m in is te re d  to  d e v e lo p  th e  
m ain m uscle g roups in v o lv ed  in  ch in n in g  and in  th e  v e r t i c a l  jum p, A 
p e r io d ic  t e s t  o f  c h in n in g  and v e r t i c a l  jump a b i l i t y  was g iv en  a t  th e  end 
o f  fo u r  weeks and a  f i n a l  t e s t  was g iv en  a t  th e  end o f  e ig h t  w eeks.
The l a s t  p a r t  o f  th e  problem  was to  d e te rm in e  s t a t i s t i c a l l y  
w hether o r n o t th e  t r a i n i n g  program  caused  a  s i g n i f i c a n t  change in  c h in ­
n in g  and jump re a c h  a b i l i t i e s .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
I I .  BASIC ASSUMPTIONS
I t  was assumed t h a t  c h in  ups would m easure m uscu la r endu rance  o f  
th e  u p p er e x t r e m i t ie s  and t h a t  th e  v e r t i c a l  jump would m easure e x p lo s iv e  
m uscu lar power o f th e  l e g s .
I t  was assumed t h a t  th e  p o s i t io n s  s e le c te d  f o r  th e  e x e rc is e s  
would he a d eq u a te  to  d ev e lo p  th e  m uscle g roups in v o lv ed  in  th e  t e s t  e x e r­
c i s e s .
I t  was a l s o  assumed t h a t  th e  s tu d e n ts  who v o lu n te e re d  would n o t 
do s p e c ia l  e x e r c is e s  on t h e i r  own,
I I I .  DEFINITIONS OF TERMS USED
1 . Iso m e tr ic  e x e rc is e  — any k ind  o f  e f f o r t  i n  which th e  m uscles 
s t r a i n  and te n s e  a g a in s t  an immovable o b je c t  o r a g a in s t  each  o th e r  w i th -
3
o u t movement o f  th e  j o i n t s .
2 ,  M uscular endurance  — a b i l i t y  to  perfo rm  subm axim al a c t i v i t i e s  
r e q u i r in g  h ig h  m uscu lar e x e r t io n  f o r  s h o r t  p e r io d s  o f t im e . Examples 
C h in n in g .^
G i lb e r t  R og in , "G et S tro n g  W ithout Moving", S p o r ts  I l l u s t r a t e d . 
15 : 19 -21 , O ctober 30 , 1961; P e te r  V. K arpov ich , M.D. M .P .E .,
P h y s io lo g y  o f M uscular A c t iv i ty  (P h ila d e lp h ia s  W. B. S aunders Company, 
19 5 9 ), p p . 8 -1 3 ; L aurence E . M orehouse, Ph.D . and August T , M i l le r ,  J r .  
Ph. D. ,  P h y s io lo g y  o f  E x e rc is e  ( S t .  L ouiss The C. V. Mosby Company, 
19 5 9 ), p .  2 7 .
H a rr iso n  C la rk e , A p p lic a tio n  o f  M easurement to  H e a lth  and 
P h y s ic a l  E d u ca tio n  (Englewood C l i f f s ,  New J e r s e y :  P r e n c t ic e - H a l l ,  I n c .
1961 ) p p . 221-222 ; C. H, MeCloy, "E n d u ran ce ,"  The P h y s ic a l  E d u c a to r ,
V 5 s 9 -2 3 , March, 1948.
9
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3 .  M uscular (e x p lo s iv e )  power -  a b i l i t y  to  r e l e a s e  m aximal 
m uscu lar fo rc e  in  th e  s h o r t e s t  p e r io d  o f  t im e .
Examples S ta n d in g  b road  jum p.^
IV. LIMITATIONS OF THE STUDY
T his s tu d y  was lim ite d  to  f o r ty  v o lu n te e r  male c o lle g e  s tu d e n ts  
i n  th e  r e q u ire d  p h y s ic a l  e d u c a tio n  program  a t  Montana S ta te  U n iv e rs i ty  
d u r in g  th e  1962 w in te r  q u a r t e r .
The t r a i n in g  p e r io d  was l im i te d  to  e ig h t  w eeks, one s e s s io n  p e r 
day  f o r  f i v e  days a  week.
S tre n g th  p e r  se  was n o t  m easured , ( i t  i s  rec o g n ize d  t h a t  s t r e n g th  
i s  a p a r t  o f  endurance and g e n e r a l ly  in c re a s e s  th ro u g h  a program  o f  i s o ­
m e tr ic  e x e r c i s e s . ) ^
S u b je c ts  w ere r e t e s t e d  o n ly  tw ice  t o  check th e  r e s u l t s  o f  t h i s
-V
program  so  a s  n o t t o  a f f e c t  th e  t r a i n in g  o f  th e  i n d i v i d u a l . ‘ One t e s t  
was g iv en  a t  th e  end o f  fo u r  weeks and a  second t e s t  was g iv en  a t  th e  
end o f  e ig h t  weeks
T e s ts  o f th e  s ig n i f ic a n c e  o f  r e s u l t s  o f  th e  e x e rc is e  p ro g re s s  w ere 
l im i te d  to  th e  .01  l e v e l  o f c o n fid e n c e .
V. NEED FOR THE STUDY 
T here i s  a  need to  c o n tr ib u te  more s c i e n t i f i c  In fo rm a tio n
A
H. H a rr is o n  C la rk e , A p p lic a tio n  o f  M easurement to  H ea lth  and 
P h y s ic a l  E d u ca tio n  (Englewood C l i f f s ,  New J e r s e y ;  P r e n t ie e - H a l l  I n c . .  
1 9 6 1 ), p p . 221-222 .
^ r i c h  A, M u lle r , M .D., "The R e g u la tio n  o f  îd isc u la r  S tre n g th ,"  
J .A .P .M .R ., pp . A1-A7, M arch -A p ril, 1957.
*7I b i d .
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c o n ce rn in g  th e  e f f e c t iv e n e s s  o r la c k  o f  e f f e c t iv e n e s s  o f  i s o m e tr ic  
e x e r c i s e s .
T here was a  need f o r  i n v e s t i g a t io n  o f  econom ical m ethods o f  
d e v e lo p in g  m uscu lar s t r e n g th ,  power and en d u ran ce .
V I. SUMMARY
C hap ter one h as  g iv en  a b r i e f  d e s c r ip t io n  o f th e  problem  and 
th e  d e f i n i t i o n  o f  c e r t a i n  te rm s a s  th e y  were used  f o r  t h i s  s tu d y . 
C hap ter two w i l l  be a summary o f  th e  r e l a t e d  l i t e r a t u r e .
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CHAPTER I I  
SURVEY OF RELATED LITERATURE 
I ,  INTRODUCTION
Iso m e tr ic  e x e r c is e s  a r e  th o se  e x e r c is e s  in v o lv in g  s t a t i c  m uscu lar 
c o n t r a c t io n s .  The m uscles te n s e  and s t r a i n  a g a in s t  an immovable o b je c t ,  
o r  a g a in s t  each  o th e r ,  w ith o u t movement o c c u r r in g  in  th e  j o i n t s  in v o lv e d . 
To g a in  th e  g r e a t e s t  amount o f developm ent in  a  g iv en  p e rio d  o f t im e , 
some a u t h o r i t i e s  recommended s in g le  d a i l y  e x e r c is e  b o u ts  o f maximum 
c o n tr a c t io n  f o r  a few seconds a t  l e a s t  f iv e  days a w eek, f o r  each  ty p e  
o f e x e r c is e  in v o lv e d .
A su rv e y  o f  th e  l i t e r a t u r e  re v e a le d  th e  v a r io u s  r e s e a r c h  s tu d ie s  
done to  e v a lu a te  th e  e f f e c t iv e n e s s  o f v a r io u s  te c h n iq u e s  o f a d m in is te r in g  
to  is o m e tr ic  e x e r c i s e s .
There was c o n s id e ra b le  c o n tro v e rs y  over th e  e f f e c t s  o f is o m e tr ic  
c o n tr a c t io n s  on m uscu lar developm en t, Rogin q u o te s  H, S te inhauar a s  
s t a t i n g  t h a t  is o m e tr ic  c o n tr a c t io n s  do n o t in c r e a s e  endurance and r e f e r s  
to  P e te r  K a rp o v ic h 's  s ta te m e n t t h a t  th e r e  a re  more c la im s th a n  e v id e n c e , 
t h a t  endurance i s  n o t  in c r e a s e d ,^  G, T , Adamson s ta te d  t h a t  t h i s  problem  
i s  n o t s o lv e d , s in c e  t e s t  r e s u l t s  fo llo w in g  is o m e tr ic  t r a i n i n g  do n o t
p
alw ays in d ic a te  th e  same r e s u l t s .  The a u th o r ,  i n  an a tte m p t t o  h e lp
^ G ilb e r t  R og in , "G et S tro n g  W ithou t M oving," S p o r ts  I l l u s t r a t e d , 
15:  19-21 , O ctober 3 0 , 1961,
2
G. T , Adamson, " E f f e c t s  o f  I so m e tr ic  and I s o to n ic  E x e rc is e  on 
Elbow F le x o r  and S p ine  E x te n so r  M uscle Groups,"' H e a lth  and F i tn e s s  i n  th e  
Modern W orld , pp . 172-180 , 1961.
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f in d  some o f  th e  e f f e c t s  o f  is o m e tr ic  e x e r c i s e s ,  had to  e s t a b l i s h  a  
t e s t i n g  and a t r a i n in g  program .
I I .  REVIEW OF TEST EXERCISES
The a u th o r 's  pu rpose  was t o  d e te rm in e  some o f  th e  e f f e c t s  o f  
i s o m e tr ic  e x e r c is e s  upon m uscu lar endurance  o f  upper e x t r e m i t ie s  and 
s h o u ld e r  g i r d le  and upon m uscu la r e x p lo s iv e  power o f  th e  lower e x tre m i­
t i e s ,  To do t h i s ,  i s o to n ic  t e s t s  to  m easure each  o f  th e s e  two f a c t o r s  
had to  be d e te rm in e d ,
C. H, McCloy m entioned ch in  ups a s  a  m uscu lar endurance  ty p e  o f  
a c t i v i t y ,  and in d ic a te d  t h a t  th e  developm ent o f  m uscu lar endurar-ce 
in v o lv e s  th e  fo llo w in g s  S tre n g th e n in g  o f  m uscle f i b e r s  so few er cou ld  
be u sed  f o r  th e  i d e n t i c a l  amount o f  w ork; th e  opening  o f  many c a p i l l a r i e s  
t o  su p p ly  b lo o d  to  th e  g r e a te r  m uscle m ass; and c e r t a i n  chem ical changes 
w i th in  th e  m uscle w hich f a c i l i t a t e  more e f f i c i e n t  f u n c t io n in g .  In  
g e n e ra l ,  he s t a te d  t h a t  m uscu la r endurance  in v o lv e s  s t r e n g th  and m uscle 
re c o v e ry  pow er.
N elson  s t a t e d ,  in  h i s  t h e s i s  on a  S tu d y  o f  Arm and S hou lder S t r e n g th  
t h a t  c h in  ups a re  c o n s id e re d  a m uscu la r endurance  e x e r c i s e ,^
^C. H. McCloy, '"E ndurance,“ The P h y s ic a l  E d u c a to r . V 5 s 9 -2 3 , 
M arch, 194-8.
^ Ja c k  K im berly  N elson , **A Com parison o f Arm and S h o u ld e r S tr e n g th  
o f  C o lleg e  Men Today W ith T hat o f  C o llege  Men 16 Year Agog™ M aste r"s  
T h e s is ,  Montana S t a t e  U n iv e r s i ty , pp . 5 -7 , 1961,
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L arso n , who su p e rv is e d  th e  Army A ir F o rce  P h y s ic a l  T ra in in g  
Program , a l s o  c o n s id e re d  c h in n in g  a  m uscu lar endu rance  a c t i v i t y . 5
On th e  b a s is  o f  th e  above in fo rm a tio n , c h in  ups w ere s e le c te d  a s  
th e  t e s t  e x e r c is e  f o r  m easu ring  m uscu la r endurance  o f  th e  u p per e x tre m i­
t i e s  and sh o u ld e r  g i r d l e .
H. H, C lark e  d e f in e d  m uscu lar e x p lo s iv e  pow er, u s in g  th e  s ta n d in g  
b road  jump a s  an exam ple, a s  th e  a b i l i t y  to  r e l e a s e  maximum m uscu la r 
fo r c e  in  th e  s h o r t e s t  tim e
B ovard, C ozens, and Hagman c o n s id e re d  th e  v e r t i c a l  jump a s  th e  
s im p le s t  t e s t  to  d e te rm in e  an  in d iv id u a l ’ s e x p lo s iv e  m uscu lar pow er.
On th e  b a s i s  o f  t h i s  in fo rm a tio n  and because  o f  th e  ease  o f  admin­
i s t r a t i o n ,  th e  v e r t i c a l  jump was used by  th e  a u th o r  a s  a m easure o f  
m uscu la r e x p lo s iv e  pow er,
I I I .  MUSCLES AND MOVEMENTS INVOLVED IN TEST EXERCISES
To in s u re  t h a t  th e  m ajor m uscle g roups used  in  c h in n in g  and in  th e  
v e r t i c a l  jump w ere e x e rc is e d  d u r in g  th e  i s o m e tr ic  t r a i n in g  program , i t  
was n e c e s s a ry  to  a n a ly z e  th e  movements and m uscles in v o lv e d .
^Leonard A. L arso n , "Some F in d in g s  R e s u l t in g  From th e  Army A ir 
F o rce  P h y s ic a l  T ra in in g  P rogram ,’* R esearch  Q u a r te r ly , 21 g 14Ü--164., 
O c to b er, 1950.
H a rr is o n  C larke  E d .D ., A p p lic a tio n  o f  Measurement t o  H ea lth  
and P h y s ic a l  E d u ca tio n  (Englewood C l i f f s ,  N. J , s  P r e n t ic e - H a l l ,  I n c . , 
1959) p .  222 .
'^John F . B ovard, F re d e r ic k  W, Cozens and E. P a t r i c i a  Hagman, T e s ts  
and M easurem ents in  P h y s ic a l  E d u c a tio n . (P h i la d e lp h ia s  W. B. S aunders 
Company, 194-9) p .  138.
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S c o t t ,  in  a n a ly z in g  th e  m usc les in v o lv ed  in  c h in n in g , s t a t e d  t h a t  
th e  g r ip  i s  m a in ta in e d  on th e  b a r  by th e  f l e x o r  longus p o l l i c i s ,  f l e x o r  
p ro fundus d ig ito ru m  and f l e x o r  su b lim is  d ig ito ru m . F le x io n  o f  th e  elbow 
i s  p roduced  by th e  b ic e p s ,  b r a c h i a l i s ,  p ro n a to r  t e r e s  and b r a c h i o r a d i a l i s „ 
S h o u ld e r e x te n s io n  i s  perform ed by th e  l a t i s s im u s  d o r s i ,  t e r e s  m a jo r, and 
th e  low er p e c t o r a l i s  m ajor» The movement o f  d e p re s s io n  and downward r o t a ­
t i o n  o f  th e  sc a p u la  i s  perform ed by th e  p e c t o r a l i s  m ino r, rhom boids, and 
t h i r d  p a r t  o f th e  t r a p e z i u s .  O ther m uscles a r e  used  to  s t a b l i z e  th e  t ru n k  
f o r  a  f i rm  o r ig in  o f  some m uscles in v o lv ed  d i r e c t l y  i n  ch in n in g » ^  When 
a p e rso n  r e t u r n s  to  th e  ex tended  p o s i t io n  a f t e r  co m p le ting  a c h in  u p , he 
u s e s  an e c c e n t r ic  c o n tr a c t io n  o f  th e  same m uscles»
In  th e  m ech an ica l a n a ly s i s  o f  c h in n in g , S c o t t  no ted  t h a t  i t  i s  
d i f f i c u l t  t o  i n i t i a t e  th e  upward movement o f  th e  body from  th e  f u l l y  e x te n d ­
ed hang ing  p o s i t io n  f o r  two rea so n s»  One i s  th e  fo rc e  o f  i n e r t i a ,  and th e  
second re a s o n  i s  th e  p o s i t io n  and a n g le s  o f  p u l l  o f  th e  m uscles in v o lv e d . 
The m uscles in v o lv ed  in  c h in n in g  have t h e i r  l e a s t  e f f e c t i v e  a n g le  o f  p u l l  
w h ile  th e  arms a re  i n  t h i s  ex tended  p o s i t io n .
The a n g le  o f  p u l l  o f  th e  elbow J o in t  m uscles im proves a s  f l e x io n  
o ccu rs  up to  an  a n g le  o f  n in e ty  d e g re e s .  F le x io n  o f th e  elbow h e lp s  e x te n ­
s io n  o f  th e  sh o u ld e r  by in c r e a s in g  te n s io n  o f  th e  sh o u ld e r  a c t io n  o f  th e  
t r i c e p s . ^
8
M. Gladys S c o t t ,  A n a ly s is  o f Human M otion (New Yorks A ppleton- 
C e n tu ry -C ro f ts  I n c . ,  1 9 ^ 2 ), p p . 290-291 .
^ I b id .
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In  a n a ly z in g  th e  movements i n  th e  v e r t i c a l  jump, th e  a u th o r  
r e s t r i c t e d  t h i s  a n a ly s i s  to  th e  e x te n s io n  o f  th e  k n e es , e x te n s io n  o f  th e  
h ip s  and p l a n t a r  f l e x io n  o f th e  a n k le s .  D r. D u v a ll s t a t e d  t h a t  in  knee 
e x te n s io n , th e  r e c tu s  fe m o ris  and v a s tu s  in te rm e d iu s  a c t  d i r e c t l y  f o r  
th e  movement, w h ile  th e  m ed ia l and l a t e r a l  v a s t i ,  w ith  t h e i r  f i b e r s  
c u rv in g  d ia g o n a l ly  around  from  th e  back  o f  th e  fem ur, fu n c t io n  i n d i r e c t l y .
These l a s t  two m usc les a l s o  fu n c t io n  to  s t a b i l i z e  th e  p a t e l l a  d u r in g  th e
4. 10 movement,
D r. Rasch and D r. Burke l i s t e d  fo u r  h ip  e x te n so r  m uscles g th e  
g lu te u s  maxiraus, b ic e p s  fe m o r is , se m iten d in o su s  and sem im em branosus. For 
p l a n t a r  f l e x io n  th e y  l i s t e d  th e  fo llo w in g  m uscles : g a s tro c n e m iu s , s o le u s ,
t i b i a l i s  p o s t e r i o r ,  peroneus lo n g u s , p e roneus b r e v i s ,  f l e x o r  h a l l u c i s  
longus and f l e x o r  d ig ito ru m  lo n g u s . H
IV. REVIEW OF IS OMETIC EXERCISES FOR TRAINING
The a u th o r  s im p li f ie d  th e  t r a i n in g  program  by h av in g  th e  s u b je c ts  
pe rfo rm  two e x e r c is e s  i n  w hich th e y  would u se  th e  same m uscle g roups in  
th e  i s o m e tr ic  e x e r c is e s  t h a t  would be used  in  th e  t e s t  e x e r c i s e s .  One 
e x e rc is e  would d ev e lo p  th e  m ajo r m uscle groups used  f o r  c h in n in g , and th e  
o th e r  would do th e  same f o r  th o se  needed in  th e  v e r t i c a l  jum p. The p o s i ­
t io n s  e s ta b l is h e d  by th e  a u th o r  f o r  th e  perfo rm ance  o f t r a i n in g  e x e r c is e s
^ ^ E lle n  N e a ll D u v a ll, Ph . D. ,  K in e s io lo g y  th e  Anatomy o f  M otion , 
(Englewood C l i f f s ,  N J . : P r e n t ic e - H a l l ,  I n c . ,  1959 ), p p . 86 -87 .
^ ^ P h il ip  H. T asch , Ph. D. ,  F .A .C .S.M . amd Roger K. B urke, P h .D ., 
F.AoC.S.M o, K in e s io lo g y  and A pplied  Anatomy (P h i la d e lp h ia s  Lea and 
F e b r ig e r ,  1 9 59 ), p p . 224-227 ,
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i n  b o th  th e  c h in n in g  and th e  v e r t i c a l  jump a r e  d e s c r ib e d  in  d e t a i l  on 
pages 29  and 30 in  C hap ter I I I .
V. ISOMETRIC EXERCISE EQUIPMENT
Bob P e t t i t  o f  th e  S t ,  L ouis Hawks b a s k e tb a l l  team  used  an  i s o ­
m e tr ic  e x e rc is e  w hich he b e lie v e d  would a id  h i s  jum ping a b i l i t y  in  
b a s k e t b a l l .  T h is  e x e rc is e  c o n s is te d  o f  s t r a in i n g  from  a sem i-c rouch  
p o s i t io n  a g a in s t  a s t e e l  h o r i z o n ta l  b a r  su p p o rted  by two u p r ig h t s .  The 
b a r  r a n  l a t e r a l l y  a c ro s s  th e  to p  o f  th e  s h o u ld e r s .  T h is b a r  h e ld  th e
body down w h ile  th e  in d iv id u a l  a p p lie d  p re s s u re  a g a in s t  i t  by t r y in g  to
12ex tend  h i s  k n e es , h ip s  and a n k le s .  For t h i s  s tu d y  a s im i la r  a p p a ra tu s  
was c o n s tru c te d  f o r  th e  developm ent o f  m uscu lar e x p lo s iv e  power o f th e  
l e g s .
A pparatus f o r  th e  is o m e tr ic  ch in n in g  p o s i t io n  was d e v ise d  by th e  
a u th o r  and i s  e x p la in e d  on page 27 in  C hap ter I I I ,
V I, DETERMINING BODY POSITIONS FOR ISOMETRIC EXERCISES
The l i t e r a t u r e  rev iew ed  f a i l e d  t o  in d ic a te  th e  b e s t  a n g le  f o r  w hich 
i n t e r n a l  m uscu lar fo r c e  co u ld  be developed  d u rin g  a  program  o f is o m e tr ic  
c o n t r a c t io n s .  S in c e  th e  a n g le s  had to  be d e te rm in e d , i t  was d ec id ed  to  
u t i l i z e  th e  a n g le s  a t  w hich th e  m uscles cou ld  e x e r t  t h e i r  maximum e x te r n a l  
f o r c e  on th e  bony l e v e r s ,
W illiam  and S tu tzm an s t a t e  t h a t  m uscles can n o t be te s te d  d i r e c t l y  
b ecau se  th e y  a re  a t ta c h e d  i n t e r n a l l y .  They m ust be t e s te d  th ro u g h  t h e i r
^ O p  C i t . ,  G i lb e r t  R ogin
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l e v e r  sy s te m . In  t e s t i n g  s t r e n g th  th ro u g h  th e  ran g e  o f  m otion  f o r  th e  
u p p er e x t r e m i t i e s ,  th e y  found t h a t  elbow f l e x io n  s t r e n g th  cou ld  produce 
i t s  m axim al e x te r n a l  f o r c e  o r le v e r  r o t a t i o n  f o r c e ,  when th e  elbow 
j o i n t  was a t  a  n in e ty  d eg ree  a n g le .  R o ta t io n a l  fo rc e  dropped o f f  a s  
th e  j o i n t  a n g le  changed in  e i t h e r  d i r e c t i o n  from  t h i s  p o in t .  S hou lder 
j o i n t  e x te n s io n  t e s t s  showed th e  av e rag e  maximal s t r e n g th  a n g le s  to  be 
betw een n in e ty  and one hundred and tw en ty  d e g re e s  o f  f l e x io n .
T e s ts ,  by Ann Downer, M„A,, on t h i r t y  a d u l t  women, tw en ty  to  
tw e n ty - f iv e  y e a rs  o f  age showed t h a t  s t r e n g th  in c re a s e d  in  elbow f le x io n  
to  n in e ty  d e g re e s  (maximal power a n g le )  and d e c rea se d  beyond t h i s  a n g le . 
She a l s o  found t h a t  th e  g r e a t e s t  s t r e n g th  o f f l e x io n  occu rred  when th e  
fo rea rm  i s  i n  th e  m id -p o s it io n  betw een s u p in a t io n  and p ro n a t io n ,^ ^
P h i l ip  R asch t e s te d  tw e n ty -fo u r  male a d u l t s  to  f in d  th e  e f f e c t s  
o f  th e  p o s i t io n  o f  th e  fo rea rm  on s t r e n g th  o f  elbow f l e x i o n .  He found 
t h a t  th e  g r e a t e s t  te n s io n  cou ld  be e x e r te d  when th e  fo rea rm  was in  th e  
m id p o s it io n , h a lfw ay  betw een s u p in a t io n  and p ro n a t io n ,  and th e  l e a s t  
when in  th e  p ro n a te d  p o s i t i o n . ^5
To m easure sh o u ld e r  e x te n s io n  s t r e n g th  w ith  a  te n s io m e te r ,  H. 
H a rr iso n  C larke  changed th e  sh o u ld e r  j o i n t  a n g le  o f  m easurem ent from  one
^ M a r ia n  W illia m , Ph. D ,, and Leon S tu tzm an , M. A ., " S tr e n g th  
V a r ia t io n  Through th e  Range o f J o in t  M otion,'* P h y s ic a l  Th erap y  R eview , 
3 9 : U 5 -1 5 2 , March, 1959,
^ A n n  H, Downer, M„A,, " S tre n g th  o f th e  Elbow F le x o r  Muscles,'® 
The P h y s ic a l  T herapy Review , 3 3 , 6 8 -6 9 , F e b ru a ry , 1953.
^ ^ P h il ip  Jo R asch , " E f f e c t  o f  P o s i t io n  o f  Forearm  on S tr e n g th  o f 
Elbow F le x io n ,"  R esearch  Q u a r te r ly . 27s  3 3 3 -3 3 7 , O c t . ,  195b.
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hundred  and t h i r t y - f i v e  d e g re e s  to  n in e ty  d e g re e s  o f  f l e x i o n .  T h is  an g le
T A
was more s u i t a b l e  f o r  s t r e n g th  m easurem ent.
C larke  s t a te d  t h a t  i f  r in g s  a r e  n o t a v a i la b le  f o r  c h in  u p s , th e n
17a  h o r iz o n a l  b a r  can  be s u b s t i t u t e d  and an over g r ip  shou ld  be u s e d .
R. T . D e v i t t  s t a t e d  t h a t  th e  over g r ip  should  be used  on a  h o r iz o n ­
t a l  b a r  even though ab o u t 2 .0 8  more c h in  ups can  be done u s in g  th e  under 
g r ip  m ethod. H is re a s o n  was t h a t  s in c e  a l l  c lim b in g  i s  done in  t h i s
m anner, we shou ld  p e rfo rm  c h in  ups in  t h i s  way. He s t a t e d  t h a t  t h i s  i s
T Ath e  g r ip  recommended by th e  armed s e r v i c e s . T h e  over g r ip  m ethod was 
s e le c te d  f o r  t h i s  s tu d y .
A ilee en  C a rp en te r m easured th e  e f f e c t iv e n e s s  o f  m uscu lar p u l l  i n  
knee f l e x io n  f o r  s u b je c ts  a t  s ix  d i f f e r e n t  a n g le s  and each  was g iv en  a 
s t r e n g th  t e s t  each day  f o r  e ig h te e n  d a y s . The s u b je c ts  r o t a t e d  so  that- 
each  had th r e e  tu r n s  a t  each  a n g le .  The p o s i t io n  p e rm it t in g  g r e a t e s t  
s t r e n g th  was found to  be from  one hundred and f i f t e e n  d e g re es  to  one 
hundred  and tw e n ty -fo u r  d e g re e s  o f  knee f l e x io n ;  one hundred  and tw e n ty -  
f iv e  d e g re e s  to  one hundred  and t h i r t y - n i n e  d e g re e s  was second and th e  
r e s u l t s  o b ta in e d  o f  a n g le s  below  one hundred  and f i f t e e n  and above one
H a rr is o n  C la rk e , '"Improvement o f  O b je c tiv e  S tre n g th  T e s t o f 
M uscle Groups by C ab le -T en sio n  M ethods,'" R esearch  Q u a r te r ly . 21% 
399 -419 , Decem ber, 1950.
17Op. C i t . . H. H a rr is o n  C larke  Ed. D. ,  A p p lic a tio n  o f  M easure­
m ent to  H e a lth  and P h y s ic a l  E d u c a tio n .
T . D eW itt, ™A co m p ara tiv e  S tudy  o f  Three Types o f C hinning 
T e s t s , "  R esearch  Q u a r te r ly . 15? 249-251 , O c to b er, 1944»
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IQhundred  and t h i r t y —n in e  d e g re e s  w ere d e f i n i t e l y  i n f e r i o r .
W illiam  and S tu tzm an , in  t e s t i n g  s t r e n g th  th ro u g h  th e  ran g e  o f  
m otion  f o r  th e  low er e x t r e m i t ie s ,  s t a te d  t h a t  th e  optimum a n g le  o f  power 
f o r  knee e x te n s io n  was found to  be betw een s i x t y  and n in e ty  d e g re e s  o f  
knee f l e x i o n .
V II . METHODS OF PERFORMING ISOMETRIC EXERCISES
D r. E r ic h  A. M u lle r renewed i n t e r e s t  in  i s o m e tr ic  e x e r c is e s  d u r in g  
1952 . H is ex p e rim e n ts  on b u i ld in g  s t r e n g th  w ere done e n t i r e l y  w ith  i s o ­
m e tr ic  c o n t r a c t io n s .
M u lle r perform ed ex p erim en ts  to  e s t a b l i s h  how in te n s e ly ,  how lo n g , 
and how f r e q u e n t ly  a fo rc e  i s  needed to  b u i ld  m uscle s t r e n g th  and e n la rg e ­
m ent. For re a so n  o f  a c c u ra c y  and m e a s u r e - a b i l i ty .  M il le r  chose a  program  
o f  is o m e tr ic  s t a t i c  c o n tr a c t io n s  r a t h e r  th a n  i s o to n ic  c o n tr a c t io n s .
Dynamometers w ere used  by M ille r  f o r  b o th  th e  t r a i n in g  c o n tr a c t io n  
and th e  m easuring  o f  maximal s t r e n g th .  Only one s h o r t  maximal c o n tra c ­
t i o n  was used  when m easu ring  th e  s u b j e c t 's  maximal s t r e n g th .  The t r a i n ­
in g  c o n tr a c t io n  was done f o r  a s p e c i f ie d  le n g th  o f tim e and was o f  
d e f i n i t e  i n t e n s i t y .  The d a i l y  c o n tr a c t io n s  r e p re s e n te d  s p e c i f i c  f r a c t io n s  
( o n e - th i rd  to  tw o - th ir d s )  o f  th e  maximal s t r e n g th .  From t h i s ,  M u lle r 
d e te rm in ed  how in te n s e  a f o r c e  m ust be to  s t im u la te  m uscle h y p e rtro p h y . 
M uscle s t r e n g th  in c re a s e d  when th e  t r a i n in g  lo ad  was a s  l i t t l e  a s  one- 
t h i r d  o f  maximal s t r e n g th .  I t  in c re a s e d  p r o g r e s s iv e ly  w ith  c o n tr a c t io n s
19A ile e n  C a rp e n te r , "A S tu d y  o f  A ngles in  th e  Measurement o f th e  
Leg L i f t , "  R esearch  Q u a r te r ly . IXs 7 0 -7 2 , O c to b er, 193S.
On
Og C i t . ,  M arian W illiam .
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up to  a p p ro x im a te ly  tw o - th ir d s  o f  m aximal s tr e n g th »  C o n tra c tio n s  o f  
v a ry in g  d e g re e s  o f  s t r e n g th  from  tw o - th ird s  e f f o r t  t o  m aximal p roduced 
n e a r ly  e q u a l  e f f e c t s »
N ext, M uller so u g h t to  d e te rm in e  th e  tim e a c o n tr a c t io n  m ust be 
s u s ta in e d  to  e f f e c t  a s t r e n g th  in c r e a s e .  He found t h a t  a c o n tr a c t io n  
w hich was h e ld  s ix  seconds r e s u l t e d  in  a s  much in c re a s e  in  s t r e n g th  a s  
lo n g e r  c o n tr a c t io n s  (up to  f u l l  e x h a u s tio n  in  f o r t y - f i v e  s e c o n d s ) .
F in a l ly ,  he made t e s t s  f o r  th e  fre q u e n c y  o f  e x e rc is e  b o u ts  n e c e s­
s a ry  to  e f f e c t  an  in c re a s e  in  s t r e n g th .  The fre q u e n c y  o f  e x e rc is e  
p e r io d s  v a r ie d  from  one in  two weeks up  to  seven  p e r  d a y . Less th a n  
one c o n tr a c t io n  p e r  day  red u ced  th e  speed o f in c re a s e  in  s t r e n g th j  more 
th a n  one a  day  gave no b e t t e r  r e s u l t s  th a n  one p e r  day .
From h i s  t e s t s ,  M u lle r concluded  t h a t  ’“In c re a s in g  s t r e n g th  i s  due 
to  oxygen d e f ic ie n c y  w ith in  a m uscle f i b e r .  But due to  th e  d i s t r i b u t i o n  
o f  m uscle f i b e r s ,  n o t a l l  o f  them  Invo lved  in  th e  e x e rc is e  s u f f e r  th e  
oxygen d e f i c i t  u n t i l  tw o - th ird s  maximum lo ad  i s  e x e r te d  upon the  m u sc le ,"  
For o rd in a ry  p r a c t i c e ,  M u lle r a d v ise d  t h a t  maximal c o n tr a c t io n s  
be used  in s te a d  o f  f r a c t i o n s  o f m aximal e f f o r t .  The fo llo w in g  a re  some 
o f  h i s  re a so n s  f o r  t h i s s  ( l )  No dynamometer i s  needed and fo rc e  can be 
e x e r te d  a g a in s t  any  a v a i la b le  r e s i s t a n c e .  (2 ) The in c re a s e d  i n t e n s i t y  
o f  th e  t r a i n in g  lo ad  le a d s  to  more r a p id  m uscle s t r e n g th .  (3) M easure­
m ent o f  maximal s t r e n g th ,  i f  a dynamometer i s  u se d , a ls o  w i l l  be a 
m aximal t r a i n in g  c o n t r a c t io n ,  (4.) T here i s  a sa v in g  in  t r a i n in g  tim e and 
a p p a ra tu s  „
F o llow ing  th e s e  ex p erim en ts  d e a l in g  w ith  m uscle s t r e n g th  in c re a s e ,  
M u lle r w ro te  o f in v e s t ig a t io n s  in to  m uscle a tro p h y . He found %na'
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com plete  i n a c t i v i t y  o f  t r a in e d  m uscle caused  s t r e n g th  lo s s  fo u r  tim es  a s  
q u ic k ly  a s  th e  l o s s  in  a t r a in e d  m uscle t h a t  was u sed  n o rm a lly  a f t e r  
t r a i n in g  was s to p p e d . The a tro p h ie d  m u sc le , how ever, re g a in e d  s t r e n g th  
fo u r  tim e s  a s  f a s t  a s  th e  norm al m uscle (n o t a tro p h ie d )  when b o th  w ere 
g iv e n  is o m e tr ic  e x e r c i s e s .  To p re v e n t a tro p h y , i t  was n e c e s sa ry  to  make 
a t  l e a s t  o n e - f i f t h  maximal c o n tr a c t io n  p e r  d ay ; a  c o n tr a c t io n  o f  one- 
tw e n t ie th  o f  maximal s t r e n g th  gave a t r o p h ic a l  r e s u l t s .
In  f u r t h e r  s tu d ie s  on m ain tenance  and p e r s i s te n c e  o f norm al s t r e n g th ;  
M u lle r m entioned  th e s e  f in d in g s ;  M uscle s t r e n g th  w hich had in c re a s e d  from  
d a i l y  t r a i n i n g  c o n tr a c t io n s  done f o r  tw en ty  w eeks, re c e d e d  a f t e r  t r a i n in g  
was s topped  a t  a p p ro x im a te ly  th e  same r a t e ;  e le v e n  weeks o f  d a i l y  c o n tr a c ­
t io n s  fo llo w e d  by tw e lv e  weeks o f  w eekly  c o n tr a c t io n s  le d  to  a much slow er 
d ro p  in  s t r e n g th ;  when th e  m uscles w ere t r a in e d  once a week f o r  f o r t y - s i x  
w eeks, t h e i r  s t r e n g th  a t  th e  end o f  se v e n ty  weeks was s t i l l  f o r ty - tw o  
p e r  cen t h ig h e r  th a n  when t r a i n in g  b eg an ,
M u lle r a ls o  p o in ts  o u t some ad v an tag es  o f  s t a t i c  t r a i n in g  f o r  th e  
p re v e n tio n  o f a tro p h y  in  r e h a b i l i t a t i o n .  Time and money i s  saved  f o r  b o th  
i n s t i t u t i o n s  and in d iv id u a ls  b ecau se  e x e r c is e s  can be done a t  home.
F a tig u e  can  be e l im in a te d ,  w hich makes t h i s  ty p e  o f  e x e rc is e  d e s i r a b le  f o r  
p e rso n s  who canno t p la c e  s t r e s s  on th e  m e ta b o lic  o r  c i r c u la to r y  p ro c e s ­
s e s ,
R a r ic k  and L arsen  d id  a s tu d y  o f  two m ethods f o r  b u i ld in g  s t a t i c  
m u scu la r s t r e n g th  i n  r e l a t i o n  to  M u lle r ’ s w ork . They re fu s e d  two g roups
^ ^ E ric h  A, M u lle r , M„ D. ,  '‘The R e g u la tio n  o f M uscular S tre n g th "  
J o u rn a l  o f  th e  A s so c ia t io n  f o r  Physi c a l  and M ental Rehab i l i t a t i o n ,  p p , 4 I- 
47 , M arch, A p r i l ,  1957,
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composed o f  t h i r t y  p o s tp u b sc e n t and tw e n ty -sev e n  p re p u b e sc e n t m a le s .
The fo rm er group perfo rm ed  one s ix  second c o n tr a c t io n  d a l l y  u s in g  tw o- 
t h i r d s  maximum e f f o r t  f o r  f iv e  days a week. The l a t t e r  group used  a 
p r o g r e s s iv e ly  g r e a te r  number o f  s ix  second d a i l y  b o u ts  f o r  f iv e  days a 
week w ith  a e ig h ty  p e r  c e n t t e n s io n .  They found t h a t  w h ile  b o th  g roups 
ga in ed  in  s t r e n g th ,  th e  second group showed s l i g h t l y  g r e a te r  s t r e n g th  
g a in s .  However, t h i s  g a in  was n o t  h ig h ly  s i g n i f i c a n t ,^ ^
C h a rle s  P . W olbers and F rank  D.  S i l l s  perform ed an ex perim en t 
u s in g  h ig h  sc h o o l b o y s . The boys w ere p r e te s te d  w ith  fo u r  s t r e n g th  
t e s t s .  A f te r  an e ig h t  week program  o f  d a i l y  i s o m e tr ic  e x e r c is e s  u s in g  
tw o - th ird s  maximum c o n tr a c t io n s ?  th e  boys w ere r e t e s t e d .  They had ga ined  
in  a l l  s t r e n g th  item s e x ce p t th e  S a rg e n t Jump.^^ T h is la c k  o f  in c re a s e  
i n  e x p lo s iv e  m uscu lar power i s  c o n tr a d ic to ry  t o  th e  r e s u l t s  o b ta in e d  by 
P ro fe s s o r  Logan a t  th e  U n iv e r s i ty  o f  S o u th e rn  C a l i f o r n ia  in  h i s  work w ith  
h ig h  jum per Bob A vant. Logan in d ic a te s  t h a t  th e  in c lu s io n  o f  i s o m e tr ic  
e x e r c is e s  in  A van t's  t r a i n in g  program  e x p la in s  A vant“s sudden in c re a s e  in  
m uscu lar e x p lo s iv e  pow er.^4
R a r ic h  and L arsen  checked M u l le r 's  f in d in g s  by t e s t i n g  p o s tp u b e se n t 
m a le s . The r e s u l t s  g e n e r a l ly  su p p o rted  M u l le r 's  work in  th a t  b r i e f  p e r io d s
pp
G. Lawrence R arick  and Gene L. L arsen , '''O b serv a tio n s on F requency  
and I n t e n s i t y  o f I s o m e tr ic  M uscular E f f o r t  i n  D evelop ing  S t a t i c  M uscular 
S tr e n g th  in  P o s t-P u b e sc e n t Males,** R esearch  Q u a r te r ly , 29% 333-341?
O cto b er, 1958.
23 C h a rle s  P . W olbers and F rank  D. S i l l s ,  '*Development o f S tr e n g th  o f 
High School Boys by S t a t i c  M uscle C on trac tions,**  R esearch  Q u a r te r ly . 21 \ 
446 -450 , Decem ber, 1956.
^^Op. C i t . ,  G i lb e r t  R og in .
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o f  i s o m e tr ic  t e n s io n ,  one s i x  second c o n tr a c t io n  d a i l y  a t  a p p ro x im a te ly  
tw o - th ird s  maximum te n s io n ,  p roved to  be a s  e f f e c t i v e  f o r  s t r e n g th  
developm ent a s  th e  more f r e q u e n t ly  re p e a te d  e x e r c is e  b o u ts  a t  h ig h e r  
t e n s io n  le v e ls »  However, th e  l a t t e r  method was somewhat s u p e r io r  in  
term s o f s t r e n g th  r e te n t io n »  The r e s u l t i n g  g a in s  o f  s t r e n g th  were, a p p ro x i­
m a te ly  f i v e  p e r  c e n t p e r  week»
R a r ic k  and L arsen  s t a t e d  t h a t  Rasch and M orehouse re p o r te d  i n s i g n i ­
f i c a n t  g a in s  in  elbow f l e x io n  s t r e n g th  fo llo w in g  a s i x  week program  o f  
f i f t e e n  second c o n tr a c t io n s  th r e e  days a week»
They a ls o  s t a t e d  t h a t  Mathews and K ruse, in  com paring is o m e tr ic  
c o n tr a c t io n s  w ith  i s o to n ic  c o n tr a c t io n s  on elbow f le x o r  s t r e n g th ,  concluded  
t h a t  i s o m e tr ic  c o n tr a c t io n s  le d  to  g r e a te r  s t r e n g th  a lth o u g h  perform ed f o r
o n ly  a f r a c t i o n  o f  th e  tim e t h a t  i s o to n ic  c o n tr a c t io n s  d u rin g  each  t r a i n i n g
■  ̂ 25 p e r io d .
I n  e x p erim en ts  on two g ro u p s , one u s in g  i s o m e tr ic  c o n tr a c t io n s  and 
one u s in g  i s o to n ic  c o n t r a c t io n s ,  D arcus and S a l t e r  found t h a t  b o th  t r a i n in g  
form s le d  to  m uscu lar s t r e n g th  in c r e a s e .  But i n  g e n e ra l ,  th ey  found th a t  
i s o to n ic  c o n tr a c t io n s  caused  a g r e a te r  p e r  c e n t  o f  in c re a s e  th a n  is o m e tr ic  
c o n t r a c t io n s .  N e ith e r  g roups were to ld  th e  r e s u l t s ,  b u t th o se  u s in g  i s o ­
to n ic  c o n tr a c t io n s  cou ld  se e  t h e i r  p ro g re s s  b ecau se  th e y  could  l i f ^  
h e a v ie r  w e ig h ts , w hereas th o se  u s in g  is o m e tr ic  c o n tr a c t io n s  had no id e a  o f 
th e  r e s u l t s .  T h is  cou ld  have been a m o tiv a tin g  f a c to r  f o r  th e  w e ig h t 
l i f t e r s .  I s o to n ic  c o n tr a c t io n s  b ro u g h t im m ediate r e s u l t s ,  w hereas th e  i n ­
c re a s e  from  u s in g  is o m e tr ic  c o n tr a c t io n s  d id  n o t appear u n t i l  th e  second
25 Op. C i t .» Go law rence  R a ric k  and Gena L. L a rse n =
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w eek, D arcus and S a l t e r s  b e lie v e d  th e  s u b je c ts  d id  n o t  c o r r e c t ly  u t i l i z e  
th e  e x e r c is e  a t  th e  b e g in n in g  o f  th e  t r a i n i n g  p e rio d *  They s t a t e  t h a t  
Asmussen found th e  same r e s u l t s  in  h i s  e x p erim en ts  in  194-9« Asmussen had 
s t a te d  t h a t  t e s t i n g  v a r i a t i o n s  o ccu rred  a t  f i r s t  a s  th e  s u b je c ts  d id  n o t 
know when th e y  had reach ed  maximum s t r e n g th .  However, Asmussen su g g e s ts  
t h a t  i s o to n ic  c o n tr a c t io n s  a r e  n o t  a s  e f f e c t i v e  a s  is o m e tr ic  c o n tr a c t io n s  
because  th e y  do n o t a llo w  s u f f i c i e n t  tim e  f o r  th e  m uscles t o  r e a c h  t h e i r  
maximum te n s io n .
D r. S te in h a u s , in  c o l la b o r a t io n  w ith  Commander C h a rle s  D, G lauque  ̂
tiSNR, h a s  dev e lo p ed  t h i r t e e n  is o m e tr ic  e x e r c is e s  c a l le d  th e  “Commander 
S e t'—For Men and W o m e n ,T h e s e  e x e r c is e s  a re  based  on Muller'■'s E x p eri­
m en ts . They a re  perfo rm ed  w ith o u t s p e c ia l  equipm ent and each c o n tr a c t io n
27i s  h e ld  f o r  s ix  seconds a t  maximum e f f o r t ,
H unsieker and Montoye have w r i t t e n  d i r e c t i o n s  f o r  c h in  ups and th e
v e r t i c a l  jump e x e r c i s e s .  These i n s t r u c t io n s  w ere used  by th e  a u th o r
w ith  c e r t a i n  m o d if ic a t io n s  f o r  t e s t i n g  th e  s u b je c t s ,
M u lle r in d ic a te d  th e  t e s t s  shou ld  n o t be g iv en  to o  f r e q u e n t ly  a s
th e y  m igh t a f f e c t  th e  s u b je c ts  t r a i n i n g .  He s t a te d  t e s t s  shou ld  be spaced
2Qover a  number o f  w eeks. T h is f a c t o r  was c o n s id e re d  by th e  a u th o r  and 
t e s t s  w ere g iv en  a t  fo u r  week i n t e r v a l s .
Do D arcus and Nancy S a l t e r , “The E f f e c t s  o f R epeated  M uayular 
E x e r t io n  o f  M uscular S tr e n g th ,*  The J o u rn a l  o f  P h y s io lo g y , 129?
A ugust 2 9 , 1955.
A rth u r H, S te in h a u s , Ph. D, ,  M .P .E ,, How to  Keep F i t  and Like 
(Chicago? The D a r tn a l l  C o rp o ra tio n , 1 9 5 7 ;, p p . 40-41*
P a u l A. H unsieker and Henry J ,  M ontoye, A pplied T%cts and M-^asupe- 
meq^s qn P h y s ic a l  E d u g g ila n , (New Yorks P r e n t ic e - H a l l ,  I n : , /  lOdlTn p p . - I - '’ 7,
^ ^ E ric h  A, M u lle r , 0^ C i t .
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M u lle r p r e t e s t e d  th e  s u b je c ts  to  d e te rm in e  t h e i r  s ta tu s »  Follcfw- 
in g  t h i s ,  a program  o f  i s o m e tr ic  e x e r c is e s  was g iv e n . P e r io d ic  t e s t s  
and f i n a l  t e s t s  w ere a d m in is te re d  to  d e te rm in e  p r o g r e s s .  The t e s t
30r e s u l t s  w ere compared to  in d ic a te  th e  e f f e c t s  on m uscu la r s t r e n g th ,
V I I I .  PSYCHOLOGICAL CONSIDERATION
Morehouse and M il le r  s t a t e d  t h a t  c e r t a i n  p s y c h o lo g ic a l  s t im u l i
31had an  e f f e c t  on perform ance.*^ G, T . Adamson s t a te d  t h a t  knowledge o f  
r e s u l t s  in f lu e n c e s  f u r t h e r  in d iv id u a l  p e rfo rm an ce .^^  Because o f  t h i s ,  
th e  a u th o r  d e c id e d  t h a t  th e  s u b je c t s  shou ld  be made aware o f  a l l  t e s t  
r e s u l t s  and t h a t  s p e c ia l  e n v iro n m en ta l s t im u l i  would be used  th ro u g h o u t 
th e  ex p erim en t to  s t im u la te  t r a i n i n g ,
IX . SUMMARY
C hap te r I I  h a s  p re s e n te d  a su rv e y  o f  th e  l i t e r a t u r e  w hich was 
u sed  a s  a  b a s i s  f o r  t h i s  s tu d y . C hap ter I I I  p r e s e n ts  th e  p ro ced u re  f o r  
t h i s  s tu d y .
30
E r ic h  A„ M u lle r , Op. C l t .
31 Op. C l t . B L aurence E , M orehouse, Ph . D. and A ugustus T, M il le r ,  
J r . ,  P h . D.
32
Op, C i t . ,  G. T. Adamson.
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CHAPTER n i  
PROCEDURE OF THE STUDY 
I„ SELECTION OF TEST ITEL6
In  o rd e r  to  d e te rm in e  th e  e f f e c t s  o f  an  is o m e tr ic  e x e rc is e  program  
on m uscu la r power and m u scu la r en d u ran ce , th e  I s o to n ic  e x e r c is e s  used  a s  
a b a s i s  f o r  m easu ring  th e  e f f e c t s  o f  th e  program  had to  be d e te rm in e d <, 
S e le c te d  w ere th e  v e r t i c a l  jump e x e rc is e  t o  m easure m uscu lar pow er„ and 
th e  c h in  up e x e r c is e  to  m easure m uscu la r e n d u ra n c e „
The m uscle g roups and a c t io n s  invo lved  in  th e  two t e s t  item s were 
an a ly zed  so  t h a t  i s o m e tr ic  e x e r c is e s  e f f e c t in g  th e s e  m uscle g roups w orld  
be u s e d . Only m uscles h av in g  a  m ajor in f lu e n c e  on th e s e  a c t io n s  were 
n o te d .
The a c t io n s  in v o lv ed  in  th e  c h in n in g  e x e rc is e  were f l e x io n  o f  the 
f i n g e r s ,  f l e x io n  o f  th e  elbow j o i n t ,  e x te n s io n  o f  th e  sh o u ld e r  jo in t  d e p re s -
“ j
S ion  and downward r o t a t i o n  o f th e  s c a p u la . The m ajor m uscles used f o r  
f l e x io n  o f th e  f in g e r s  w ere th e  f l e x o r  d ig ito ru m  su b lim u s , f l e x o r  d i g i t o r  urn 
p ro fu n d u s and f l e x o r  p o l l i c i s  lo n g u s ; f o r  f l e x io n  o f  th e  elbow j o i n t  were 
th e  b ic e p s  and b r a c h i o r a d i a l i s ;  f o r  e x te n s io n  o f th e  sh o u ld e r j o i n t  were 
th e  p o s t e r io r  f i b e r s  o f  th e  d e l t o i d ,  l a t i s s im u s  d o r s i ,  t e r e s  majeur and long  
head o f  th e  t r i c e p s ;  f o r  d e p re s s io n  o f  th e  sc a p u la  were th e  l a - i e s im r s  
d o r s i  and th e  p e c t o r a l i s  m inor; f o r  downward r o t a t i o n  o f th e  sc a p u la  w ere
•1 ^
Mo Gladys S c o t t ,  A n a ly s is  o f  Human M oticn (New York,, A ppleton- 
C e n tu ry -C ro f ts ,  I n c , ,  19 4 2 ), p p , 290-291*
- Z t i  —
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th e  p e c t o r a l i s  m inor and th e  rh om bo ids. For a d d u c tio n  o f  th e  sc a p u la
p
w ere th e  rhom boids, and th e  t r a p e s l u s „
C o n s id e ra tio n  o f  th e  a c t io n s  in v o lv ed  in  th e  v e r t i c a l  Jump 
e x e rc is e  w ere l im i te d  t o  knee e x te n s io n ,  h ip  e x te n s io n  and p l a n t a r  
f l e x io n  o f  th e  a n k le . The m ajor m uscles used  to  cause  le g  e x te n s io n  
w ere th e  v a s tu s  in te rm e d iu s ,  v a s tu s  l a t e r a l i s ,  v a s tu s  m e d ia l i s ,  r e c tu s  
fe m o ris  and th e  t e n s o r - f a s c ia  l a t a ;  f o r  h ip  e x te n s io n  w ere th e  long  
head o f  th e  b ic e p s  f e m o r is ,  th e  sem i-m em branous, se m i- te n d in o su s  and
th e  g lu te u s  maximus, f o r  p l a n t a r  f l e x io n  w ere th e  g a s tro c n e m iu s , so le u s ,
t i b i a l i s  p o s t e r i o r ,  peroneus lo n g u s , p e roneus b r e v i s ,  f l e x o r  h a H u e is  
longus and f l e x o r  d ig ito ru m  IcnguSo
IIo ISOMETRIC EXERCISES
T ra in in g  e x e r c i s e s  s e le c te d  to  d ev e lo p  m uscu lar endurance w ere 
chosen  on th e  b a s i s  o f  d e v e lo p in g  m uscles e q u iv a le n t  to  th o se  e x e rc is e d  
by  th e  t e s t  item s « Each s u b je c t  was p laced  in  a p o s i t io n  so t h a t  th e
same m uscle g roups employed in  c h in n in g  cou ld  be used  d u rin g  th e  i s o ­
m e tr ic  jump.
I I I .  EQUIPMENT DEVISED FOR ISOMETRIC EXERCISES
The t r a i n i n g  e x e r c is e s  r e q u i r e d  s p e c i a l  equipm ent to  a llo w  th e  
in d iv id u a l  t o  s t r a i n  i n  th e  p ro p e r p o s i t io n  w ith o u t movement.. S t a l l
^ I b i d .
3P h i l i p  J .  R asch , Ph . 0 . ,  F .A .C .S .M j end Roger K„ B urne, P h .D ., 
F .A oG .S .M ., K in e s io lo gy and A pplied  Anatomy (P h ila d e lp h ia ;  Lea and 
F e b r ig e r ,  1 9 59 ), p p . 2 l i - 2 2 7 .
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b a r s ,  tu m b lin g  s a f e t y  b e l t s  w ith  s id e  r i n g s ,  and c h a in s  were used  f o r  
th e  is o m e tr ic  u p s .  They p e rm itte d  th e  in d iv id u a l  a d ju s tm e n ts  t h a t  w ere 
n e c e s s a ry  t o  co iq jly  w ith  v a ry in g  body sh ap es and s i z e s .  The s u b je c ts  
w ere ancho red  a t  th e  w a is t  t o  a llo w  f o r  th e  s t a t i c  c o n tr a c t io n  and to  
a llo w  freedom  o f  c o n tr a c t io n  f o r  th e  m ain m uscle groups w hich w ere 
needed in  th e  e x e r c i s e .  Each in d iv id u a l  clim bed  th e  s t a l l  b a rs  to  th e  
c o r r e c t  h e ig h t  t o  a t t a i n  th e  p ro p e r  a n g le s  i n  h i s  elbow and sh o u ld e r  
j o i n t s .  H is body was anchored  a t  th e  w a is t  by a canvas tum bling  s a f e ty  
b e l t  w hich had two c h a in s  a t ta c h e d ,  one f o r  each  o f th e  s id e  r i n g s .  The 
c h a in s  had a snap on one end and e ig h t  m u lt i - c o lo re d  l in k s  on th e  o th e r .  
Each c h a in  was c a r r i e d  around a rung  below  th e  b e l t  and h e ld  in  p ro p e r 
p o s i t io n  b y  th e  snap f a s t e n e r  on th e  end o f  th e  c h a in .
The equipm ent f o r  le g  e x te n s io n  e x e rc is e  was d esig n ed  to  conform  
to  th e  a p p a ra tu s  diagrammed and e x p la in e d  in  S p o r ts  I l l u s t r a t e d Three 
u p r ig h ts  ( fo u r  in c h e s  w ide by fo u r  in ch e s  w id e ) , w hich ex tended  from  th e  
f l o o r  to  th e  c e i l i n g ,  w ere i n s t a l l e d .  These would a llo w  f o r  two w orking 
a r e a s .  C orrespond ing  h o le s  w ere d r i l l e d  in  th e  u p r ig h ts  a t  v a ry in g  
h e ig h ts  th ro u g h  w hich one in c h  s t e e l  s h a f t s  cou ld  be p la c e d . Large 
c o t t e r  p in s  were p la c e d  in  h o le s  d r i l l e d  in  th e  s t e e l  s h a f t  to  p re v e n t 
them from  s l i d in g  o u t .  M etal p l a t e s  r e in f o r c e d  th e  wood su rro u n d in g  th e  
h o le s  i n  th e  u p r ig h t s .  The c e n te r  u p r ig h t  he lped  to  su p p o rt each  o f  th e  
two h o r i z o n ta l  s t e e l  b a r s .  A te n  in ch  b ase  board  was p laced  u n d er th e  
th r e e  u p r ig h ts  to  h e lp  an ch o r them and to  s e rv e  a s  a base  f : r  th e  s u b je c t s .
^ G i lb e r t  R ogin , ’“Get S tro n g  W ithout Moving,'® I I l us a t^ d
15s 1 9 -2 1 , O ctober 3 0 , 1961.
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IVo DETERMINATION CF ADJUSTMENTS
I t  was n e c e s s a ry  to  d e te rm in e  f o r  each  su 'b je c t th e  p o s i t io n  and 
a n g le  f o r  th e  a c t u a l  a d ju s tm e n t o f  th e  a p p a ra tu s  to  p ro v id e  f o r  th e  
p ro p e r  perform ance*
T hree in d iv id u a ls  b u ck led  th e  s a f e ty  b e l t s  around th e ir-  w a is ts  
a t  one tim e* F ac in g  th e  s t a l l  bax-Sy th e y  clim bed and g rasped  th e  to p  
b a r  w hich was fu r th e rm o s t  from  th e  w a l l .  M a in ta in in g  t h i s  g r ip ,  each  
S u b je c t moved up or down, s u p p o r tin g  h i s  w e ig h t w ith  h i s  f e e t  on th e  
ru n g s  u n t i l  th e  elbow and sh o u ld e r  j o i n t s  each  formed a n in e ty  d eg ree  
a n g le .  The a n g le s  w ere m easured w ith  a g o n io m ete r.
C hains w ere p la c e d  th ro u g h  th e  s id e  r in g s  o f  each b e l t .  Each
c h a in  was c i r c l e d  around a  ru n g  below  th e  l e v e l  o f  th e  s a f e ty  b e l t .  The. 
Snap was f a s te n e d  to  one o f  th e  co lo red  l i n k s .  T h is ad ju s tm en t was such 
t h a t  th e  s u b j e c t 's  body was h e ld  in  a p o s i t io n  w hich m a in ta in ed  th e
n in e ty  d eg ree  a n g le  o f th e  elbow and sh o u ld e r  j o i n t s  d u r in g  xhe p u l l  up
e x e r c i s e .
The ru n g s c f  th e  s t a l l  b a rs  w ere numbered downward from one th ro u g h  
sev en , b eg in n in g  w ith  th e  t h i r d  rung  from  th e  to p .  T h is  was done to  
i n d ic a te  w hich rung  would be used  f o r  th e  c h a in  a tta c h m e n t f o r  each  i n d i ­
v id u a l .  The a d ju s tm e n ts , rung  number and c h a in  l in k  c o lo r  were re c o rd e d  
on th e  in d iv id u a l  re c o rd  c a r d s .  T h is waa done f o r  a l l  sa b je c t.s  and 
e l im in a te d  th e  n e c e s s i ty  o f m easu ring  th e  a n g le s  o f th e  elbow and sh o u ld e r 
j o i n t  b e f  o re  each su b seq u en t e x e rc is e  b o u t . An i l l u s t r a  b ien  o f th e  r e c o rd ­
in g  form  i s  shown on a sam ple re c o rd  c a rd —append ix  B. page
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In  th e  le g  e x te n s io n  e x e r c i s e ,  two s tu d e n ts  e x e rc is e d  a t  one t im e , 
each  u s in g  one o f  th e  a d ju s ta b le ,  h o r i z o n ta l  b a r s .  Each s tu d e n t  wore a 
h a rd  sponge sh o u ld e r  pad w ith  a  h o le  in  th e  c e n te r  f o r  h i s  h e a d . He 
p la c e d  h i s  f e e t  f l a t  on th e  te n  in c h  w ide b aseboard  when s t r a i n i n g .  The 
b a r  was p la c e d  in  t h a t  p a i r  o f  h o le s  in  su p p o r tin g  p o s ts  which would 
p ro v id e  a  one hundred  and f i f t e e n  d e g re e  a n g le  in  th e  knees o f  th e  su b -
5
j e c t s  when th e  back  was h e ld  e r e c t .  The knee a n g le  was m easured w ith  a 
g o n io m e te r . The s u b j e c t 's  hands g rasp ed  th e  b a r  w ith  an  o v e r - g r ip .^
The p a r t i c u l a r  h o le s  u sed  on th e  u p r ig h ts  was no ted  a s  th e  i n d i ­
c a te d  a d ju s tm e n t f o r  each  s u b j e c t .  I n d iv id u a l  a d ju s tm e n ts  were re c o rd e d  
on th e  r e c o rd  c a rd s .
V. DETERMINATION OF STATUS
To d e te rm in e  th e  m u scu la r endurance  o f  th e  upper e x t r e m i t ie s  and 
sh o u ld e r  g i r d le  p r i o r  t o  th e  b e g in n in g  o f  th e  e ig h t  week t r a i n in g  program , 
each  s tu d e n t  d id  h i s  maximum number o f c h in  u p s .
Equipm ent u sed  in c lu d ed  a h o r i z o n ta l  la d d e r  and magnesium c a rb o n a te  
( c h a lk ) .
Two s tu d e n ts  perfo rm ed  t h e i r  c h in  ups s im u lta n e o u s ly , one a t  each  
end o f  th e  h o r i z o n ta l  l a d d e r .  The n e x t p e rso n  in  each  o f th e  two l i n e s  
coun ted  and s to p p ed  any  sw inging  m otions? Chalk was rubbed on th e  hands
5
A ile e n  C a rp e n te r , "A S tudy  o f  Angles in  th e  M easurement o f  th e  
Leg l i f t , "  R esearch  Q u a r te r ly . IX: 7 0 -7 2 , O c to b er, 1938.
T. D eW itt, "A C om parative S tudy  o f  T hree Types o f C hinn ing  
T e s t s , "  R esearch  Q u a r te r ly . 15s 249-251 , O c to b e r, 1944.
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a s  each  s tu d e n t  s te p p e d  up f o r  h i s  e x e r c i s e .  The s tu d e n t  s t a r t e d  w ith  an  
o v e rg r ip  on th e  ru n g  w ith  th e  body f u l l y  e x te n d e d . Each p assed  h i s  c h in  
over th e  la d d e r  ru n g  and low ered  h i s  body to  th e  f u l l y  ex tended  p o s i t io n  
on each  c h in  u p . K ick ing  o r  sw ing ing  was n o t  p e rm it te d .  Only com plete  
c h in  ups w ere r e c o rd e d .
The e x p lo s iv e  m u scu la r power o f th e  low er e x t r e m i t ie s  was d e te r ­
mined th ro u g h  perfo rm ance  o f  th e  v e r t i c a l  jump.
Equipm ent u sed  in c lu d e d  a v e r t i c a l  jump b la c k b o a rd , magnesium 
c a rb o n a te  ( c h a lk ) ,  a m o is t c lo th  and a h ig h  s t o o l .
The s tu d e n ts  form ed i n  one l i n e .  Each removed h i s  shoes and s to c k ­
in g s  and rubbed  h i s  f i n g e r t i p s  w ith  c h a lk . The s tu d e n t  s to o d  w ith  to e s  
to u c h in g  th e  w a l l  w ith  h i s  h e e ls  on th e  f l o o r .  Keeping h i s  h e e ls  on th e  
f l o o r ,  he reach ed  up w ith  arms ex tended  and touched  a s  f a r  up th e  b la c k ­
board  a s  he cou ld  and rubbed th e  c h a lk  on th e  board  w ith  h i s  f i n g e r t i p s .  
T h is  gave h i s  s ta n d in g  m easurem ent. The h e ig h t  o f  th e  re a c h  was re c o rd ed  
to  th e  c lo s e s t  in c h .  T h is m easurem ent was used  a s  a  b a s i s  f o r  a l l  th r e e  
o f  h i s  v e r t i c a l  jump t e s t s  o f  th e  program . The s u b je c t  th e n  tu rn e d  s id e ­
ways to  th e  w a ll  and from  a  crouched  p o s i t io n ,  jum ped, and w ith  th e  
f i n g e r t i p s  o f  th e  hand n e a r e s t  th e  w a l l ,  touched  a s  h ig h  a s  he  was a b le .  
T h is  was re p e a te d  two more t im e s . B efo re  each  jump, c h a lk  was rubbed on 
th e  f i n g e r t i p s  o f  th e  hand n e a r e s t  th e  w a l l .  The g r e a t e s t  h e ig h t  marked 
by th e  f i n g e r s  was re c o rd e d  to  th e  c lo s e s t  in c h  a lo n g  w ith  th e  s ta n d in g  
h e ig h t  m easurem ent f o r  each  s tu d e n t .  Two s tu d e n ts  to o k  tu r n s  s ta n d in g  on 
th e  s t o o l  t o  wipe o f f  c h a lk  m arks a f t e r  each jump. L a te r  on, th e  d i f f e r ­
ence betw een th e  s ta n d in g  h e ig h t  and th e  g r e a t e s t  h e ig h t  m easured was 
d e te rm in ed  th e  c lo s e s t  in c h .
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V I, ADMINISTRATION OF ISOMETRIC EXERCISES
A u th o r i t ie s  have in d ic a te d  t h a t  to  o b ta in  th e  b e s t  r e s u l t s  from  
an  is o m e tr ic  e x e r c is e  program , th e  e x e r c is e s  shou ld  be g iv en  once a 
day  a minimum o f  f iv e  days p e r  w eek. A cco rd in g ly , th e  s u b je c ts  o f t h i s  
s tu d y  perfo rm ed  th e  two is o m e tr ic  e x e r c is e s  once a day f o r  f iv e  days p e r  
week. The s tu d e n ts  p a r t i c i p a t e d  in  th e  ex p erim en t as p a r t i a l  f u l f i l l ­
ment o f  t h e i r  p h y s ic a l  e d u c a tio n  re q u ire m e n t program . Because Montana 
S ta te  U n iv e rs i ty  employs th e  q u a r te r  sy stem , th e  e x e r c is e  s e r i e s  was 
a d m in is te re d  f o r  o n ly  e ig h t  w eeks, (C hap ter I I  o f t h i s  r e p o r t  sum m arizes 
o th e r  e x p erim en ts  w hich have used  an  e ig h t  week p e r io d  w ith  s u c c e s s ) .
T h is  p e r io d  a llow ed  f o r  o r i e n t a t i o n ,  p r e t e s t i n g ,  p e r io d ic  t e s t i n g  and 
f i n a l  t e s t i n g ,  a lo n g  w ith  th e  e x e rc is e  s c h e d u le . To in s u re  t h a t  th ?  t e s t  
a c t i v i t i e s  d id  n o t In f lu e n c e  t r a i n i n g ,  o n ly  two t e s t s  were g iv en  a f t e t  
t r a i n in g  was i n i t i a t e d ,  w ith  fo u r  weeks s e p a ra t io n  betw een t e s t s .
For economy o f  t im e , th e  s u b je c ts  were grouped a c c o rd in g  to  t h e i r  
a d ju s tm e n ts  on th e  s t a l l  b a r s .  For th r e e  o f  th e  fo u r  g ro u p s , th r e e  b e l t s  
w ere c h a in ed  to  th e  b a rs  a t  th r e e  d i f f e r e n t  a d ju s tm e n ts , each a d ju s te d  
f o r  a p p ro x im a te ly  one t h i r d  o f th e  g ro u p . The b e l t s  rem ained chained  
w h ile  th e  e n t i r e  g roup  perform ed t h e i r  e x e r c i s e .  T h is r e q u ir e d  o n ly  th e  
b u c k lin g  and u n b u c k lin g  o f th e  b e l t  f o r  each  s u b je c t .  In  the  f o u r th  
g roup  th e r e  was no u n ifo rm ity  o f  a d ju s tm e n t. Each s u b je c t  made h i s  own 
p red e te rm in e d  a d ju s tm e n t a s  he to o k  h i s  t u r n .
The b e l t  b u c k le  was f a s te n e d  in  back  o f  th e  s u b je c t .  The s tu d eu '. 
m e re ly  clim bed th e  s t e e l  b a rs  and g rasp ed  th e  to p  b a r  w h ile  a s  a s s i s t a : : '
7
Ib id ,
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b u ck led  th e  b e l t  around  h i s  w a i s t .
T hree in d iv id u a ls  e x e rc is e d  s im u lta n e o u s ly . Each s u b je c t  g rasped
th e  to p  b a r  w ith  an  o v e rg r ip .  The s tu d e n ts  s t r a in e d  s l i g h t l y  w ith  t h e i r
le g s  to  remove th e  s la c k  from  th e  c h a in s .  D uring  th e  e x e r c i s e ,  th e  f e e t
w ere removed from  th e  b a rs  and each  s u b je c t  s t r a in e d  w ith  maximum e f f o r t
in  th e  c h in  up p o s i t i o n .  They were tim ed  f o r  s ix  seconds w ith  a s to p  
8w atch . The s ig n a ls  were "Ready— B e g i n , a n d  " S to p ."
When th e  f i r s t  th r e e  had com pleted th e  e x e r c i s e ,  th o se  n e x t in  
l i n e  unbuck led  th e  b e l t s .  T h is  p ro ced u re  was re p e a te d  on down th e  l i n e .  
As soon a s  th e  s tu d e n ts  com pleted t h e i r  is o m e tr ic  c h in  up e x e rc is e  th e y  
moved to  th e  h o r i z o n ta l  b a r s .
The s u b je c t  s e t  th e  h o r i z o n ta l  b a r  in  a p red e te rm in ed  p o s i t io n  so 
t h a t  when h i s  s h o u ld e rs  s t r a in e d  a g a in s t  th e  b a r ,  h i s  knees would assume 
a  one hundred and f i f t e e n  d eg ree  a n g le .  A f te r  p la c in g  th e  hard  sponge 
pad on h i s  s h o u ld e rs ,  th e  s tu d e n t  s tep p ed  u n d er th e  b a r  and perform ed 
th e  i s o m e tr ic  e x e r c is e  f o r  s i x  se c o n d s . F ive  s tu d e n ts  were e x e r c is in g  a t  
one t im e , th r e e  d o ing  is o m e tr ic  c h in  ups and two is o m e tr ic  le g  e x te n s io n . 
S in ce  th e  two e x e rc is e  areas w ere a d ja c e n t ,  th e  p r e p a ra to ry  s ig n a l ,  s t a r t ­
in g  s ig n a l  and s ig n a l  to  h a l t ,  c o n tr o l le d  b o th  e x e r c is e s  s im u lta n e o u s ly ,
V I I .  PSYCHOLOGICAL CONSIDERATION
Û
S in c e  p s y c h o lo g ic a l  f a c t o r s  in f lu e n c e  p e rfo rm an c e ,^  c e r t a i n  s te p s  
w ere ta k e n  to  prom ote a p o s i t iv e  a t t i t u d e  toward th e  is o m e tr ic  e x e r c is e s
Gi b i d .
9q . T. Adamson, " E f f e c ts  o f  I so m e tr ic  and I s o to n ic  Exe ' I'dse un E'ibow 
F le x o r  and S p ine  E x te n so r  M uscle G roups,"  H e a lth  and F i tn e s s  in  che 
Modern W orld , p p . 172-180 , 1961, — —  —  —  —  —
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pnd th e  t e s t  a c t i v i t i e s .
Only v o lu n te e r  s tu d e n ts  were u sed  f o r  th e  s tu d y . Each s tu d e n t 
was a s s ig n e d  to  re a d  an  a r t i c l e  p u b lish e d  in  S p o r ts  I l l u s t r a t e d , O c to b e r, 
1961; on is o m e tr ic  e x e r c i s e s .  T h is  a r t i c l e  i l l u s t r a t e d  ty p e s  o f i s o ­
m e tr ic  e x e r c is e s  and in d ic a te d  t h a t  fa v o ra b le  r e s u l t s  cou ld  be o b ta in e d ,
A c h a r t  show ing a tte n d a n c e  and t e s t  r e s u l t s  was p o s te d  a f t e r  each
t e s t .
F re q u e n tly ,  v e rb a l  s t im u lu s  was g iv en  co n ce rn in g  th e  amount bow 
each  s u b je c t  could  produce in  th e  s t e e l  h o r iz o n ta l  b a r ,  and a rem inder 
was g iv en  to  s t r a i n  w ith  maximum te n s io n  a g a in s t  th e  c h a in s  in  th e  I s o ­
m e tr ic  c h in n in g  e x e r c i s e .
B efo re  each t e s t ,  d i r s c t i o n s  w ere re a d  which were in te n d ed  to 
s t im u la te  perfo rm ance a s  w e ll  a s  in d ic a te  d i r e c t i o n s .
V I I I ,  ANALYSIS OF DAIA
The r e s u l t s  o f th e  i n i t i a l  t e s t s ,  p e r io d ic  t e s t s  and f i n a l  t e s r s  
a r e  p re s e n te d  f o r  b o th  th e  c h in  ups and v e r t i c a l  jump in  c h a p te rs  IV and 
V, S t a t i s t i c a l  com parisons are  p re s e n te d  fo r  th e  i n i t i a l  and f i n a l  t e s : s ,  
f o r  th e  i n i t i a l  and p e r io d ic  t e s t s ,  and f o r  th e  p e r io d ic  t e s t s  and I t n a i  
t e s t s  f o r  th e  c h in  ups and th e  v e r t i c a l  jump.
The s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  was computed betw een ou c e l a .^ d  
means was com puted. S in ce  t h i s  was c o n s id e re d  a s  a  c lo s e ly  r e l a t e d  p ro b ­
lem  ( th e  same group had been g iv en  th e  same two t e s t s  upon two ' .vasior.s ;
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th e  fo rm u la  SE , = a SE^j2 + s E ^  -  2 r  S E ^  SEj^ was u s e d .^ ^  The c o e f f i ­
c i e n t  o f  c o r r e l a t i o n  was computed u s in g  th e  P ea rso n  P ro d u c t moment m ethod. 
S in c e  th e  group u sed  f o r  t h i s  ex p erim en t was f a i r l y  sm a ll ( l e s s  
th a n  50 ) ,  th e  s ta n d a rd  e r r o r  o f  th e  mean was computed u s in g  th e  fo rm ula  
s ta n d a rd  e r r o r  o f  th e  mean e q u a ls  th e  s ta n d a rd  d e v ia t io n  over th e  sq u are  
r o o t  o f  th e  number m inus o n e ,^ ^
The means and s ta n d a rd  d e v ia t io n s  f o r  th e  c h in  ups t e s t s  and th e  
v e r t i c a l  jump t e s t s  w ere computed from  th e  s c a t te r -g ra m s  e n te re d  on th e  
c o r r e l a t i o n  c h a r t s  a f t e r  th e  c o e f f i c i e n t  o f  c o r r e l a t io n s  were found f o r  
th e  r e l a t i o n s h i p s  t h a t  e x is te d  betw een th e  s c o re s  made on th e  i n i t i a l  
t e s t s  and p e r io d ic  t e s t s ,  th e  p e r io d ic  t e s t s  and f i n a l  t e s t s ,  and th e  
i n i t i a l  and f i n a l  t e s t s ,
IX. SUMMARY
C hap te r I I I  h as  p re s e n te d  th e  p ro ced u re  f o r  th e  s tu d y  w hich was 
based  on th e  in fo rm a tio n  p re s e n te d  in  C hapter I I .  C h ap te r IV w i l l  p r e s e n t  
th e  f in d in g s  o f th e  t e s t s  w hich w ere g iv en  d u r in g  th e  ex p erim e n t.
^^H enry E , G a r r e t t ,  Ph. D , , S t a t i s t i c s  in  Psycho logy  and Educa­
t i o n ,  (New Y ork: Longmans, Green and C o ., I9 6 0 ) , p p . 218=227,
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CHAPTER IV
FINDINGS OF THE STUDY 
I .  INTRODUCTION
T h is  c h a p te r  p r e s e n ts  th e  f in d in g s  o f  th e  e f f e c t s  o f I s o m e tr i ;  
e x e r c is e s  on m uscu la r endurance  a s  m easured by c h in  upSj, and on mus :u ia r  
e x p lo s iv e  power a s  m easured by th e  v e r t i c a l  jum p. T h ir ty -s e v a n  male 
c o l le g e  s tu d e n ts  a t te n d in g  Montana S ta te  U n iv e rs i ty  w in te r  q u a r te r  19b? 
v o lu n te e re d  to  p a r t i c i p a t e  in  th e  ex p erim en t a s  p a r t i a l  f u l f i l l m e n t  of 
t h e i r  p h y s ic a l  e d u c a tio n  re q u ire m e n ts .  Four i s o to n ic  t e s t s  w ere g iven  
to  m easure th e  e f f e c t s  o f  th e  is o m e tr ic  e x e rc is e  t r a in in g  program .
I n i t i a l  t e s t s  to  d e te rm in e  eaoh s u b je c t - s  maximum number c f  cn in  ups and 
m aximal v e r t i c a l  jump a b i l i t y  was g iv e n  and t h i s  in fo rm a tio n  was r e ^ c r ie u  
a s  th e  s u b j e c t ’s s t a t u s .  A f te r  th e s e  t e s t s ,  th e  su b js . t s  were g i . e r  an 
e ig h t  week program  o f  iso m e tric , e x e r c i s e s .  P e r io d ic  t e s t s  were glT en a t  
th e  end o f  fo u r  weeks o f th e  e x e rc is e  program  and f i n a l  t e s t s  w ere g io en  
a t  th e  end o f  e ig h t  w eeks. The r e s u l t s  o f th e s e  t e s t s  a re  p re se n te d  in  
th e  o rd e r  in  which th e  t e s t s  w ere g iv e n . The d a ta  from  the  te  tn te e  r liin  
up t e s t s  a re  p re s e n te d  f i r s t ,  fo llo w ed  by th e  r e s u l t s  o f  tnt. th re e  
v e r t i c a l  jump t e s t s .
I I .  RESULIS OF CHIN UP TESTS
I n i t i a l  T es t -  The number : f  th in  ups each su b je  : t  t c u l l  :omp^s:- 
i n  th e  i n i t i a l  t e s t  was re c o rd ed  to  in d ic a te  th e  m usouia- rrd u -an  - s ',a tu
J 2 -
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o f th e  u p p e r e x t r e m i t i e s .
The ran g e  f o r  th e  i n i t i a l  t e s t  was from  0 to  10 c h in  u p s . The 
mean was 5 ,7 0 , and th e  s ta n d a rd  e r r o r  o f  th e  mean was ,4.7, The standar-d 
d e v ia t io n  was 2 ,8 5 ,
P e r io d ic  t e s t  -  The same k ind  o f c h in n in g  t e s t  t h a t  was g iv en  fcT  
th e  i n i t i a l  t e s t  was g iv e n  to  th e  s u b je c ts  a f t e r  th e y  had com pleted faux 
weeks o f  th e  is o m e tr ic  e x e rc is e  program . T h is  t e s t  was g iven  h a l f  way 
th rough  th e  e x e rc is e  program  to  d e te rm in e  th e  amount o f  change t h a t  had 
o c c u rre d .
The ran g e  f o r  th e  p e r io d ic  t e s t  was from  1 to  12 c h in  u p s . The 
mean was 6 ,8 6  and th e  s ta n d a rd  e r r o r  o f th e  mean was ,5 0 , The s ta r d a id  
d e v ia t io n  was 3 ,0 0 ,
TABLE I
T es t R M SD
I n i t i a l 0 ““ 10 5 .7 0 .47 2 .8 5
P e r io d ic 1 - 12 6 ,8 6 .50 3 ,0 0
R e s u l ts  o f  I n i t i a l  and P e r io d ic  C hinn ing  T es te
(R = ra n g e , M = mean^ SE^ -  s ta n d a rd  e r r o r  o f raean^ 
SD “ s ta n d a rd  d e v ia t i o n , )
The ra n g e  on th e  p e r io d ic  t e s t  was one c h in  up g iv a l .- r  thax  'h e  
ran g e  on th e  I n i t i a l  t e s t .  The mean was 1 ,1 b  c h in  ups h ig h e r o.n th e  
p e r io d ic  t e s t  th a n  on th e  I n i t i a l  t e s t .  The s ta n d a rd  d e . i a t ^ .n  wqS 
c h in  ups g r e a t e r  on th e  p e r io d ic  t e s t .
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F in a l  t e s t  -  The f i n a l  t e s t  f o r  m uscu lar endurance  o f  th e  u p per 
e x t r e m i t i e s ,  a s  m easured by  c h in  u p s , was g iv en  a t  th e  end o f  th e  
e ig h t  week is o m e tr ic  e x e r c is e  program . The r e s u l t s  o f  t h i s  t e s t  a re  
p re s e n te d  in  th e  same manner a s  w ere th e  r e s u l t s  o f  th e  f i r s t  two 
t e s t s .
The range  f o r  th e  f i n a l  t e s t  was from  1 to  14 c h in  u p s . The
mean was 8 ,0 0  and th e  s ta n d a rd e r r o r  o f th e  mean was .5 3 .
s ta n d a rd  d e v ia t io n was 3 .2 1 .
TABLE I I
T e s t R M SD
P e r io d ic 1 - 1 2 6 ,8 6 .50 3 .0 0
F in a l 1 - 1 4 8 .0 0 .53 3 .2 1
R e s u lts  o f  p e r io d ic  and f i n a l  c h in n in g  t e s t s .
I n  com paring th e  r e s u l t s  o f th e  i n i t i a l  t e s t  w ith  th e  f i n a l  
t e s t ,  th e  f i n a l  t e s t  shows th e  g r e a t e s t  ran g e  w ith  a  sp read  o f  one 
to  f o u r te e n  c h in  u p s . The mean on th e  f i n a l  t e s t  o f 8 .0 0  was 1 .3 0  
c h in  ups g r e a te r  th a n  th e  mean o f  th e  i n i t i a l  t e s t ,  which was an 
a p p a re n t  im provem ent. The s ta n d a rd  d e v ia t io n  was .36  g r e a te r  in  thf 
f i n a l  t e s t .
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TABLE I I I
T e s t R M SD
I n i t i a l 0 -  10 5 .70 .47 2 .8 5
F in a l 1 -  14 8 .0 0 .53 3 .2 1
R e s u lts o f i n i t i a l  and f i n a l c h in n in g  t e s t s
FIGURE 1
10
M. 3 .7 0
I n i t i a l
00
F in a lP e r io d ic
Range and mean f o r  c h in n in g  t e s t s
T here was a p ro g re s s iv e  in c r e a s e  in  th e  ran g e  fo r  ihe th r s -  i - t  -o 
The s u b je c t s  on th e  low er end o f  th e  s c a le ,  d o in g  th e  l e a s t  ruiriber 
c h in  ups ( O - l ) ,  d id  n o t im prove a s  much a s  th o se  do ing  tne  g r é a . r" numbe: 
o f  c h in  ups (9 -10 ) on th e  i n i t i a l  t e s t .  T h is caused th e  ra n g e  tu  w i i e . 
The sp re ad  o f  s c o re s  d id  n o t r e v e a l  any  gaps whion migh" . -nd ' v. t i e  
th e s e  numbers and gi-ve m is le a d in g  f ig u r e s  lo r  th e  s l a n i a r i  i e . a  : i>.ne .
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A com parison  o f th e  means o f  th e  i n i t i a l  t e s t s  and p e r io d ic  t e s t  
shows th e  mean o f  th e  p e r io d ic  t e s t  t o  be 1 ,1 6  c h in  ups above the  mean 
o f  th e  i n i t i a l  t e s t  o r  a b o u t a 20 p e r  c e n t  in c r e a s e .  A com parison  o f 
th e  mean o f  th e  p e r io d ic  t e s t  w ith  th e  f i n a l  t e s t  r e v e a ls  th e  mean o f 
th e  f i n a l  t e s t  t o  be 1 .1 4  h ig h e r  o r 17 p e r  c e n t  in c re a s e  over th e  p e r io d  
t e s t .  In  com paring th e  mean o f  th e  i n i t i a l  t e s t  w ith  th e  mean o f  th e  
f i n a l  t e s t  was found to  be 2 ,3 0  c h in  ups h ig h e r  in d ic a t in g  an  a v erag e  
in c re a s e  o f  4-0 p e r  c e n t .
In  o rd e r  to  e s t a b l i s h  th e  s ig n i f ic a n c e  o f  th e  observed  changes in  
th e  number o f  c h in  ups th e  s u b je c ts  cou ld  pe rfo rm  a f t e r  th e  t r a i n in g  
p e r io d ,  th e  c o e f f i c i e n t  o f  c o r r e l a t i o n ,  th e  a c tu a l  d i f f e r e n c e  betw een 
th e  m eans, th e  s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  and th e  c r i t i c a l  r a t i o  
w ere com puted. The co n fid e n ce  i n t e r v a l  f o r  t h i s  s tu d y  was s e t  a t  th e  ,01 
l e v e l .
I n i t i a l  t e s t  and p e r io d ic  t e s t  -  The c o e f f i c i e n t  o f c o r r e l a t io n  
betw een th e  i n i t i a l  t e s t  and th e  p e rio d  t e s t  was ,9 2 . The a c t u a l  d i f f e r ­
ence betw een th e  means o f  th e s e  two t e s t s  was th e  c r i t i c a l  r a t i o  was 
found to  be 5 .9 0 , th e  observed  d i f f e r e n c e  o f 1 .1 6  was s i g n i f i c a n t  a t  the  
,0 1  l e v e l  o f  c o n fid e n c e .
P e r io d ic  t e s t  and f i n a l  t e s t  -  In  f in d in g  th e  co n fid en ce  l e v e l  
betw een th e  p e r io d ic  t e s t  and f i n a l  t e s t ,  th e  c o e f f i c i e n t  o f c o r r e l a t i o n  
was found t o  be ,9 4 . The a c tu a l  d i f f e r e n c e  betw een th e  two means was 
1.14-, th e  s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  was ,18 and the  c r i t i c a l  r a ^ i c  
was 6 .2 5 .  T h is d i f f e r e n c e  betw een means was s i g n i f i c a n t  a t  the  ,C1 
l e v e l  o f  c o n fid e n c e .
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I n i t i a l  t e s t  and f i n a l  t e s t  -  In  com paring th e  r e s u l t s  betw een 
th e  i n i t i a l  t e s t  and f i n a l  t e s t ,  th e  c o e f f i c i e n t  o f  c o r r e l a t io n  was .91 . 
The a c t u a l  d i f f e r e n c e  betw een th e  two means was 2 .3 0 .  The s ta n d a rd  
e r r o r  o f  th e  d i f f e r e n c e  was .2 2 . The c r i t i c a l  r a t i o  was found to  be 
1 0 .3 6 . The d i f f e r e n c e  betw een th e  two was s i g n i f i c a n t  a t  th e  0 ,1  l e v e l  
o f  c o n f id e n c e ,
TABLE IV
T e s ts r D SEd CR
I n i t i a l  w ith  p e r io d ic .92 1 .1 6 .20 5 .90
P e r io d ic  w ith  f i n a l .94 1 ,1 4 .17 6 .2 5
I n i t i a l  w ith  f i n a l .91 2 .3 0 .22 1 0 .36
Com parison o f  th r e e  t e s t s
( r  = c o e f f i c i e n t  c o r r e l a t i o n ,  D = a c tu a l  d i f f e r e n c e  betw een m eans,
SE^ = s ta n d a rd  e r r o r  o f  d i f f e r e n c e ,  CR = c r i t i c a l  r a t i o . )
P e r c en t o f  su b je c t s  who in c re a s e d  in  number o f  c h in  ups -
An a n a ly s i s  was made to  d e te rm in e  th e  per c en t o f  s u b je c ts  who in c re a s e d  
in  th e  number o f  c h in  ups th e y  could  p e rfo rm , a f t e r  th e  f i r s t  fo u r  weeks 
o f  th e  t r a i n in g  program , a f t e r  th e  second fo u r  weeks of th e  t r a i n in g  
program  (betw een th e  p e r io d ic  t e s t  and f i n a l  t e s t )  and f o r  th e  t o t a l  
e ig h t  week t r a i n in g  program .
At th e  end c f  th e  f i r s t  fo u r  weeks o f  th e  t r a i n i n g  program 68 per  cent 
o f  th e  s u b je c t s  in c re a se d  in  th e  number o f  c h in  ups th e y  could pe r fo rm .
In  c o n s id e r in g  o n ly  th e  second fo u r  weeks o f th e  t r a i n in g  program , 73 
p e r  c e n t  o f  th e  s u b je c ts  showed an  in c r e a s e .  C o n s id e r in g  the  e n t i r e  e i g h t
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week t r a i n i n g  program , 97 p e rc e n t  o f  th e  s n b je c ts  showed an in c r - a s e  
in  th e  number o f c h in  ups t h a t  th e y  cou ld  p e rfo rm .
Com parison o f  h ig h  group to  low group -  To f in d  th e  e f f e c t s  c f  
th e  t r a i n in g  program  in  r e l a t i o n  t o  th e  number o f  c h in  ups th e  in d i-v i-  
d u a l  cou ld  p e rfo rm , a  com parison  was made betw een th e  low group , th o se  
s u b je c ts  who perform ed 0 th ro u g h  5 c h in  ups on th e  i n i t i a l  t e s t ,  to  
th o se  s u b je c t s  in  th e  h ig h  group who perform ed 6 th ro u g h  10 c h in  ups 
on th e  i n i t i a l  t e s t .  Of th e  37 s u b je c ts  t h a t  w ere in  th e  s tu d y , th e r e  
w ere 20 s u b je c ts  who d id  0 th ro u g h  5 c h in  ups and 17 s u b je c ts  who d id  
6 th ro u g h  10 c h in  u p s . The t o t a l  number o f c h in  ups t h a t  th e  low group 
in c re a s e d  was 4 2 . The t o t a l  number o f  ch in  ups t h a t  th e  h ig h  group 
in c re a s e d  was 39» The in c r e a s e  o f  c h in  ups p e r  s u b je c t  was s l i g h t l y  
g r e a t e r  in  th e  h ig h e r  group th a n  in  th e  low er g ro u p . The av erag e  
in c r e a s e  p e r  s u b je c t  in  th e  h ig h e r  group was 2 ,3  c h in  u p s , w hereas th e
av e rag e  in c re a s e  p e r  s u b je c t  in  th e  low group was 2 .1  c h in  u p s ,
RESULTS OF VERTICAL JUMP
I n i t i a l  t e s t  -  The h e ig h t  t h a t  each s u b je c t  cou ld  jump in  ih= 
i n i t i a l  t e s t s  was re c o rd e d  to  I n d ic a te  th e  m uscu lar e x p ie s iv r  pow^: 
s t a tu s  o f  th e  low er e x t r e m i t ie s .
The ran g e  f o r  th e  i n i t i a l  t e s t  was from  14 co 26 in c L -s ,  ih^ 
mean was 2 0 ,5 7 , and th e  s ta n d a rd  e r r o r  o f th e  mean was ,5 0 . Tne s a n ia rd  
d e v ia t io n  was 2 ,9 8 ,
P e r io d ic  t e s t  = The same kind o f v e r t i c a l  jump : es :ha* Wa g ver.,
f o r  th e  i n i t i a l  t e s t  was g iv en  to  the  s u b je c ts  a i ie v  '.h-y rad  i
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
- 39 -
fo u r  weeks o f  th e  is o m e tr ic  e x e rc is e  program „ The t e s t  was g ir e n  h a l f  
way th ro u g h  th e  e x e r c is e  program  to  d e te rm in e  th e  amount o f change th a t 
had o c c u rre d  in  th e  fo u r  week p e r io d .
The ran g e  f o r  th e  p e r io d ic  t e s t  was 14 to  27 in c h e s . The mean 
20 ,43  in c h e s  and th e  s ta n d a rd  e r r o r  o f  th e  mean was .5 3 , The s ta n d a rd  
d e v ia t io n  was 3 ,1 7 .
TABLE V
T e s t R M SD
I n i t i a l 1 4 - 2 6 2 0 .57 , 50 2 .9 8
P e r io d ic 1 4 - 2 7 20.43 .53 3 .1 7
R e s u l ts  o f  f i r s t  two v e r t i c a l  j'omp t s s o s
The range  on th e  p e r io d ic  t e s t  was one in ch  g r e a 'e r  tn an  the  
ran g e  on th e  i n i t i a l  t e s t .  The mean was ,14  in c h e s  low -t cn th e  
p e r io d ic  t e s t  th a n  on th e  i n i t i a l  t e s t s .  The s ta n d a rd  d e v ia t io n  was ,19  
in c h e s  g r e a te r  on th e  p e r io d ic  t e s t .
F in a l  t e s t  -  The f i n a l  t e s t  f o r  m uscular exp^usiv^  pow-r tn-r 
low er e x tre m itie s s , a s  m easured by th e  v e r t i c a l  jumpy was g ic e r  a .  *h^ ■ J  
o f  th e  e ig h t  week iso m e tr ic  e x e rc is e  program . Th- range fo r cn- t._na,^ 
t e s t  was from  1$ to  27 in c h e s , Th- mean was 2 0 ,8 4  and t n -  sc an d a / 1 -, ; 
o f  th e  mean was ,4 9 , The s ta n d a rd  d e v ia t io n  was 2 .9 3 .
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TABLE VI
T es t R M SE
m SD
P e r io d ic 14 "  27 20 .42 .53 3 .1 7
F in a l 15 -  27 2 0 .8 4 .49 2 .93
R e s u l ts  o f  p e r io d ic  and f i n a l  v e r t i c a l  c h in n in g  t e s t s
The ran g e  on th e  f i n a l  t e s t  was one in ch  l e s s  th a n  th e  range  cn
th e  p e r io d ic  t e s t .  The mean on th e  f i n a l  t e s t  was .41  in ch es  h ig h e r
th a n  th e  mean o f  th e  p e r io d ic  t e s t  and th e  s ta n d a rd  d e v ia t io n  was .24
in c h e s  l e s s  th a n  th e  p e r io d ic  t e s t .
I n  com paring th e  r e s u l t s  o f  th e  i n i t i a l  t e s t  w ith  th e  f i n a l  t e s t ,  
th e  f i n a l  t e s t s  shows th e  same sp read  in  number o f in c h e s .  The mean on 
th e  f i n a l  t e s t  was .27  in c h e s  h ig h e r  th a n  th e  mean o f  th e  i n i t i a l  t e s t  
w hich d id  n o t seem to  in d ic a te  any marked im provem ent. The s ta n d a rd  
e r r o r  o f  th e  mean was .01  in c h e s  low er in  th e  f i n a l  t e s t .  The s ta n d a rd  
d e v ia t io n  was .05  low er in  th e  f i n a l  t e s t ,
TABLE V II
T e s t R M SEm SD
I n i t i a l 14 -  26 2 0 .57 .50 2 .9 8
F in a l 15 -  27 2 0 .8 4 .49 2 .93
R e s u l ts o f i n i t i a l and f i n a l v e r t i c a l jump 1.-3 t s
In  o rd e r  to  t e s t  th e  s ig n i f ic a n c e  o f  changes ii. p e rfc im an  e prc. 
duced by th e  program  in  r e l a t i o n  to  th e  v e r t i c a l  jump^ th^  ̂ i i n g i -  g ;o \
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method was a g a in  u sed  f o r  com puting th e  s ta n d a rd  e r r o r  o f th e  d i f f e r ­
ence betw een  means»
In  o rd e r  to  e s t a b l i s h  th e  s ig n i f ic a n c e  o f  th e  observed  change 
in  th e  h e ig h t  th e  s u b je c ts  cou ld  jump a f t e r  th e  t r a i n in g  p e r io d , th e  
c o e f f i c i e n t  o f  c o r r e l a t i o n ,  th e  a c tu a l  d i f f e r e n c e  betw een th e  m ean s,th e  
s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  and th e  c r i t i c a l  r a t i o  were computed»
The 1 p e rc e n t  l e v e l  o f c o n fid e n ce  was u sed  to  d e te rm in e  th e  l e v e l  o f 
s ig n i f ic a n c e  o f d i f f e r e n c e s  betw een th e  i n i t i a l  t e s t  and p e r io d ic  t e s t ,  
th e  p e r io d  t e s t  and f i n a l  t e s t ,  and th e  i n i t i a l  t e s t  and f i n a l  t e s t .
I n i t i a l  and n e r io d ic  t e s t  -  The c o e f f i c i e n t  o f c o r r e l a t io n  betw een 
th e  i n i t i a l  t e s t  and th e  p e r io d ic  t e s t  was .9 1 . The a c tu a l  d i f f e r e n c e  
betw een th e  f i r s t  two means was .13 in c h e s .  The s ta n d a rd  e r r o r  o f th e  
d i f f e r e n c e  was .2 1 . The c r i t i c a l  r a t i o  was found to  be .63 w hich r a t i o  
o f  2 .7 2  would have to  e x i s t  t o  be s i g n i f i c a n t  a t  .01  l e v e l  w ith  t h i s  
g ro u p .
P e r io d ic  t e s t  and f i n a l  t e s t  -  In  f in d in g  th e  co n fid en ce  l e v e l  
betw een th e  p e r io d ic  t e s t  and f i n a l  t e s t ,  th e  c o e f f i c i e n t  o f c o r r e l a t io n  
was found to  be .9 4 . The a c tu a l  d i f f e r e n c e  betw een th e  two means was .4 0 , 
th e  s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  was .1 8 , and th e  c r i t i c a l  r a t i o  was 
2 ,2 1 ,  T h is  d id  n o t  i n d ic a te  a s i g n i f i c a n t  change.
I n i t i a l  t e s t  and f i n a l  t e s t  -  In  com paring th e  r e s u l t s  betw eet: th e  
i n i t i a l  t e s t  and f i n a l  t e s t ,  th e  c o e f f i c i e n t  c o r r e l a t io n  was .9 4 . The 
a c t u a l  d i f f e r e n c e  betw een th e  two means was .2 7 .  The s ta n d a rd  e r r c r  o f 
th e  d i f f e r e n c e  was ,1 7 . The c r i t i c a l  r a t i o  was found to  be 1 .5 7 , w h i:h  
a g a in  d id  n o t  in d ic a te  a s i g n i f i c a n t  change a t  th e  1 per cent l e v e l  c f  
c o n f id e n c e .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
-42"
TABLE V I I I
T e s ts R D SEa CR
I n i t i a l  w ith  p e r io d ic .91 .13 .21 .63
P e r io d ic  w ith  f i n a l .9 ^ .40 .18 2 .2 1
I n i t i a l  w ith  f i n a l .9 4 .27 ,17 1 .5 7
Com parison o f  th r e e  t e s t s
P e r c e n t  o f  su b .je c ts  who in c re a s e d  v e r t i c a l  .itimplng h e ig h ts  =
An a n a ly s i s  was made to  d e te rm in e  th e  p e r  c e n t  o f  s u b je c ts  who in c re a s e d  
in  t h e i r  jum ping h e ig h t  a f t e r  th e  f i r s t  fo u r  weeks o f th e  t r a i n in g  p ro ­
gram, a f t e r  th e  second fo u r  weeks o f th e  t r a i n in g  program  (betw een th e  
p e r io d ic  t e s t  and f i n a l  t e s t )  and f o r  th e  t o t a l  e ig h t  week t r a i n in g  
program .
At th e  end o f  th e  f i r s t  fo u r  weeks o f th e  t r a i n in g  program , 30 pes 
c e n t o f th e  s u b je c ts  had in c re a s e d  th e  h e ig h t  th e y  cou ld  jump. In  th e  
second f o u r  weeks o f  th e  t r a i n i n g  program , 35 p e r  c e n t o f th e  s u b je c ts  
showed an  in c r e a s e .  C o n s id e rin g  th e  e n t i r e  e ig h t  week program , 15 p e r  
c e n t  o f  th e  s u b je c ts  showed an  in c re a s e  in  th e  h e ig h t  th f y  cou ld  jump.
Com parison o f  h ig h  group to  low group -  To f in d  the  e f f e c t s  c f  
th e  t r a i n in g  program  in  r e l a t i o n  to  th e  in d iv id u a ls®  jum ping h e ig h t  a 
com parison  was made betw een th e  low g ro u p , th o se  s u b je c ts  who jumped 14- 
t o  20 in c h e s  to  th o se  s u b je c ts  in  th e  h ig h  group who jumped 21 to  27 
in c h e s  on th e  i n i t i a l  t e s t .  Of th e  37 s u b je c ts  t h a t  w ere in  th e  s tu d y  
th e r e  w ere 20 s u b je c ts  in  th e  low group and 17 in  th e  h ig h  g ro u p . The 
in c r e a s e  in  jum ping d is ta n c e  in  th e  low group betw een th e  i n i t i a l  and
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f i n a l  t e s t  was 2 p e r  c e n t .  The in c r e a s e  f o r  th e  h ig h  group betw een 
th e  i n i t i a l  and f i n a l  t e s t  was o4- p e r  c e n t ,
SUMMARY
T h is  c h a p te r  has p re s e n te d  th e  s t a t i s t i c a l  f in d in g s  o f th e  s tu d y .
These f in d in g s  r e v e a le d  t h a t  th e  mean sc o re  o f  th e  group o f th e  c h in  ups
had in c re a s e d  p r o g r e s s iv e ly  on each  t e s t  a t  a p p ro x im a te ly  th e  same r a t e .  
The t o t a l  in c re a s e  in  number o f  c h in  ups f o r  th e  e n t i r e  program  was 
a b o u t 4-0 p e r  c e n t .  The o bserved  d i f f e r e n c e  in  c h in n in g  a b i l i t y  was
found t o  be s i g n i f i c a n t  a t  th e  ,01  l e v e l  o f  c o n fid e n c e .
The f in d in g s  o f  th e  v e r t i c a l  jump t e s t s  re v e a le d  l i t t l Q  change in  
th e  g ro u p ’ s v e r t i c a l  jump a b i l i t y .  The mean in c re a s e  betw een th e  i n i t i a l  
and f i n a l  t e s t  was .27  in c h e s . T h is change was n o t found to  be s i g n i f i ­
c a n t .
The fo llo w in g  c h a p te r  w i l l  p r e s e n t  th e  summary^ c o n c lu s io n s  and 
recom m endations based  on th e  f in d in g s  from  t h i s  c h a p te r .
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CHAPTER V
SUMMARY s CONCLUSIONS AND
RECOMMENDATIONS
I .  INTRODUCTION
In  c o n s id e r in g  more econom ical and e f f i c i e n t  ways o f d e v e lo p in g  
m uscu la r s t r e n g th ,  D r. M il le r  s t im u la te d  i n t e r e s t  i n  th e  use  o f  i s o ­
m e tr ic  e x e r c i s e s  i n  1952, H is ex p erim en ts  in d ic a te d  t h a t  iso m etric ; 
e x e r c is e s  p ro b a b ly  were th e  m ost econom ical and e f f i c i e n t  f o r  d ev e lo p ­
ment o f  m uscu lar s t r e n g th .  O ther a u t h o r i t i e s  have done s im i la r  
ex p erim e n ts  w ith  i s o m e tr ic  e x e r c is e s  i n  o rd e r  to  f in d  t h e i r  e f f e c t s  
on m u scu la r endurance  and e x p lo s iv e  pow er. At th e  tim e  t h i s  r e p o r t  
was w r i t t e n ,  th e r e  was s t i l l  c o n tro v e rs y  over th e  e f f e c t s  o f isome t r i  ?; 
e x e r c is e s  on m uscu la r endurance  and e x p lo s iv e  pow er.
The pu rpose  o f  t h i s  s tu d y  was to  d e te rm in e  th e  e f f e c t s  o f  i s o ­
m e tr ic  e x e r c is e s  upon (a )  m uscu lar endurance o f th e  u p per e x t r e m i t ie s  
and th e  sh o u ld e r  g i r d le  a s  m easured by  th e  a b i l i t y  t o  do c h in  u p s , and 
(b ) m u scu la r e x p lo s iv e  power o f  th e  le g s  a s  m easured by the  v e r t i c a l  
jump. T h ir ty - s e v e n  nmle c o l le g e  s tu d e n ts  a t te n d in g  Montana Sta^' e U n iver­
s i t y  w in te r  q u a r t e r ,  1962, v o lu n te e re d  to  p a r t i c i p a t e  in  th e  experim en t 
a s  p a r t i a l  f u l f i l l m e n t  f o r  t h e i r  p h y s ic a l  e d u c a tio n  re q u ire m e n ts .
In  p la n n in g  th e  program  to  d ev e lo p  m uscu lar en d u ran -e  and m uscu lar 
e x p lo s iv e  power a s  m easured by c h in n in g  and th e  v e r t i c a l  jump ra s p -  ' t., :e - 
l y ,  i s o m e tr ic  e x e r c is e s  r e l a t i n g  to  th e s e  two t r a i t s  w ars a e l e z te J .
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An i n i t i a l  t e s t  o f  m uscu la r endurance  and m uscu la r e x p lo s iv e  
power was g iv en  by h a v in g  th e  s tu d e n ts  com plete  t h e i r  maximum number 
o f  c h in  u p s  and maximal v e r t i c a l  jum p.
A program  o f  is o m e tr ic  e x e r c is e s  was a d m in is te re d  over an  e ig h t  
week p e r io d  to  d ev e lo p  th e  m ain m uscle g roups in v o lv ed  in  c h in n in g  and 
i n  th e  v e r t i c a l  jum p. A p e r io d ic  t e s t  o f  c h in n in g  and v e r t i c a l  jump 
a b i l i t y  was g iv e n  a t  th e  end o f  fo u r  weeks and a  f i n a l  t e s t  was g iv en  
a t  th e  end o f  e ig h t  w eeks.
The s ig n i f ic a n c e  o f  observed  d i f f e r e n c e  in  perform ance was 
s t a t i s t i c a l l y  d e te rm in e d .
I I . SUMMARY
Chin uns -  M u ller u sed  a t r a i n in g  p ro ced u re  w hich re q u ir e d  one 
s ix  second c o n tr a c t io n  d a i l y  f o r  f iv e  days a  week u s in g  maximum e f f o r t .
The r e s u l t i n g  mean in c re a s e  in  m uscu lar s t r e n g th  was a p p ro x im a te ly  5 p e r  
c e n t  p e r  week o r  a b o u t a f o r t y  p e r  c e n t  in c re a s e  a f t e r  an  e ig h t  week 
t r a i n i n g  p e r io d .  The r e s u l t s  o f  a l l  b u t one is o m e tr ic  e x e rc is e  e x p e r i ­
m ent on m uscu lar s t r e n g th  developm ent rev iew ed  by th e  a u th o r  w ere found 
to  be s i g n i f i c a n t .  In  m ost s tu d ie s  th e  in c re a s e  was s i g n i f i c a n t  a t  th e  
,0 1  l e v e l  o f  c o n fid e n c e .
F o r t h i s  s tu d y  th e  a u th o r  u sed  d a i l y  s ix -se c o n d  c o n tr a c t io n  
u s in g  maximum e f f o r t  f o r  f iv e  days a  w eek.
The r e s u l t s  o f  th e  c h in  up t e s t s  in  th e  a u th o r 's  ex p erim en t r e v e a l ­
ed a p ro g re s s iv e  in c r e a s e  in  r a n g e .  The s u b je c ts  on th e  low er end o f  th e  
s c a l e ,  d o ing  th e  l e a s t  number o f  c h in  ups (O -l)  d id  n o t improve a s  macn 
a s  th o s e  d o in g  th e  g r e a t e s t  number o f  c h in  ups (9 -1 0 ) on th e  i n i t i a l  l e s t .
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T h is  c a u se s  th e  ra n g e  to  w iden . The g r e a t e s t  sp read  o f s c o re s  o ccu rred  
a t  th e  end o f  th e  l a s t  fo u r  weeks o f th e  program . The sp read  o f  sc o re s  
d id  n o t  r e v e a l  any ex trem e gaps w hich m ight tend  to  d i s t o r t  th e  s ta n d a rd  
d e v ia t io n .
The mean sc o re  o f  th e  g roup in c re a se d  p r o g r e s s iv e ly  on each  o f 
th e  l a s t  two t e s t s  a t  a p p ro x im a te ly  th e  same r a t e .  There was a 1 ,1 6  
in c r e a s e  o f  th e  mean in  th e  number o f  c h in  up s th e  group could perfo rm  
a f t e r  th e  f i r s t  fo u r  week t r a i n in g  p e r io d ,  and a 1,14. mean in c re a s e  
betw een th e  end o f th e  f i r s t  fo u r  week p e r io d  and th e  end o f th e  second 
fo u r  week p e r io d .  The t o t a l  in c re a s e  o f  th e  mean perform ance o f th e  
group o v e r th e  8 week p e r io d  was ab o u t 40 p e r  c e n t o r s l i g h t l y  over an 
a v e rag e  o f  5 p e r  c e n t week in c r e a s e .  T h is f in d in g  c o in c id e s  w ith  M uller'^s 
f i n d in g s .
A s l i g h t l y  w ider d e v ia t io n  o f  perfo rm ance was observed  in  th e  
r e s u l t s  o f  th e  l a s t  two a b i l i t y  t e s t s  th a n  was found in  th e  i n i t i a }  t e s t .  
The s ta n d a rd  d e v ia t io n  was ,15 c h in  ups g r e a te r  on th e  p e r io d ic  
t e s t  th a n  on th e  i n i t i a l  t e s t .  The f i n a l  t e s t  was .21  h ig h e r  th a n  th e  
p e r io d ic  t e s t ,  and .36  g r e a te r  th a n  th e  f i r s t  t e s t .  T h is in c r e a s e  in  
s ta n d a rd  d e v ia t io n  c o in c id e s  w ith  th e  p ro g re s s iv e  in c re a s e  in  th e  sp re ad  
o f  s c o re s  w hich o ccu rred  on th e  th r e e  t e s t s .  Those s u b je c ts  on th e  u p p er 
end o f  th e  ran g e  had a  g r e a te r  in c r e a s e  in  number o f ch in  ups th an  d id  
th o se  on th e  low er end o f  th e  ra n g e .
The change in  th e  number o f c h in  ups the  s u b je c ts  could p e rfo rm  
a f t e r  th e  f i r s t  fo u r  weeks o f  th e  t r a i n in g  program  was found to be s i g n i ­
f i c a n t  a t  th e  .01 l e v e l  o f  c o n fid e n c e . S in ce  w ith  th e  sm a ll g roup - f  3 
a c r i t i c a l  r a t i o  o f  2 .7 2  would be s i g n i f i c a n t  a t  th e  1 pe r -en le  -_
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o f  c o n f id e n c e , th e  o b ta in e d  c r i t i c a l  r a t i o  o f  5 .9 0  was c l e a r l y  s i g n i f i ­
c a n t .  The e f f e c t s  o f th e  second fo u r  week t r a i n in g  program  a ls o  proved 
to  be s i g n i f i c a n t  a t  th e  ,01  l e v e l  o f  co n fid en ce  w ith  a c r i t i c a l  r a t i o  
o f  6 ,2 5 .  The c r i t i c a l  r a t i o  o f  1 0 .36  f o r  th e  e n t i r e  8 week t r a i n in g  
p rogram  was h ig h ly  s i g n i f i c a n t  a t  th e  .01  l e v e l  o f co n fid e n ce  in d ic a te d  
t h a t  a f a v o ra b le  r e s u l t  cou ld  be expec ted  from  an  e x e rc is e  program  o f  
t h i s  ty p e  g iv en  t o  s im i la r  s u b je c t s .
A com parison  o f  th e  e f f e c t s  o f  is o m e tr ic  e x e rc is e  on th e  low 
group  ( th o se  d o in g  0 -5  c h in  u p s) w ith  th e  h ig h  group ( th o se  d o in g  6-10 
c h in  u p s)  r e v e a le d  th e  number o f  c h in  up s in c re a s e d  p e r  s u b je c t  was 
g r e a te r  in  th e  h ig h e r  th a n  in  th e  low er g ro u p . The av erag e  in c re a s e  
p e r  s u b je c t  in  th e  h ig h  group was 2 ,3  c h in  u p s , w hereas th e  av e rag e  in ­
c re a s e  p e r  s u b je c t  in  th e  low group was 2 ,1  c h in  u p s .
V e r t i c a l  .jump -  C h a rle s  P . W olbers and F rank  D. S i l l s  perform ed 
e x p e rim e n ts  w ith  is o m e tr ic  e x e r c is e s  u s in g  h ig h  sc h o o l boys f o r  s u b je c t s .  
The boys w ere p r e t e s t e d  w ith  f o u r  i s o to n ic  s t r e n g th  t e s t s ,  and th e n  
g iv e n  an  e ig h t  week is o m e tr ic  e x e r c is e  t r a i n i n g  program . The s u b je c ts  
in c re a s e d  in  a l l  i s o to n ic  s t r e n g th  t e s t s  e x c e p t th e  v e r t i c a l  jum p. The 
i n v e s t i g a t o r s  found t h a t  i s o m e tr ic  c o n tr a c t io n s  d id  n o t in c r e a s e  jum ping 
h e ig h th  even  though  m u scu la r s t r e n g th  in c re a s e d  on th e  av erag e  o f  5 p e r  
c e n t  a  w eek .
In  th e  a u th o r ’ s s tu d y , th e  ran g e  o f  v e r t i c a l  jump t e s t  s c o re s  was 
f a i r l y  c o n s ta n t  th ro u g h o u t th e  th r e e  t e s t s .  The ran g e  in c re a s e d  one 
in c h  on th e  p e r io d ic  t e s t ,  b u t  was th e  same on th e  f i n a l  t e s t  as i t  was 
on th e  i n i t i a l  t e s t ,  nam ely 14 in c h e s .  There w ere no ex trem e gaps i n  th e  
sp re a d  o f  s c o r e s .
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The mean o f  th e  group  perfo rm ance  re v e a le d  l i t t l e  change on th e  
th r e e  t e s t s .  The mean o f  20 .43  in c h e s  f o r  th e  p e r io d ic  t e s t  was .13 
in c h e s  low er th a n  th e  mean o f th e  i n i t i a l  t e s t .  The f i n a l  was t e s t  mean 
o f  2 0 .&4 in c h e s ,w a s  .4-0 in c h e s  h ig h e r  th a n  th e  p e r io d ic  and .27  in c h e s  
h ig h e r  th a n  th e  i n i t i a l  t e s t  mean.
The s ta n d a rd  d e v ia t io n  was a p p ro x im a te ly  th e  same in  th e  i n i t i a l  
and f i n a l  t e s t  (2 .9 8  and 2 .9 3 ) .  I t  was s l i g h t l y  h ig h e r  on th e  p e r io d ic  
t e s t  th a n  on th e  o th e r  two t e s t s .  The s ta n d a rd  d e v ia t io n  in c re a s e d  on 
th e  p e r io d ic  t e s t  a s  d id  th e  r a n g e .
The change in  th e  mean sc o re  o f  th e  group f o r  th e  th re e  t e s t s  was
n o t s i g n i f i c a n t  a t  th e  .0 1  l e v e l  o f  c o n fid e n c e . The c r i t i c a l  r a t i o  f o r
th e  i n i t i a l  and f i n a l  t e s t  was 1 ,5 7 . To be s i g n i f i c a n t  a t  th e  ,01  c o n f i ­
dence l e v e l  th e r e  would have to  be a c r i t i c a l  r a t i o  o f 2 .7 2 .
CONCLUSIONS
1 . P rev io u s  r e s e a r c h  r e v e a l s  t h a t  is o m e tr ic  e x e r c is e s  cause  a 
s i g n i f i c a n t  in c re a s e  i n  m uscu la r s t r e n g th  on th e  a v erag e  o f 5 p e r  c e n t  
p e r  week when a d m in is te re d  d a i l y ,  u s in g  s i x  seco n d , tw o - th ird s  maximal 
c o n t r a c t io n s .  The a u th o r ’ s s tu d y  in d ic a te s  t h a t  is o m e tr ic  e x e r c is e s  
in c r e a s e  m uscu lar endu rance  o f  th e  u p per e x t r e m i t ie s  and sh o u ld e r  g i r d le  
m uscles i n  d o in g  c h in  ups on th e  a v erag e  o f 5 p e r  c e n t  p e r  week f o r  an  
e ig h t  week p e r io d  when a d m in is te re d  d a i l y ,  u s in g  s ix  second m aximal 
c o n t r a c t io n s .  S in ce  m uscu la r s t r e n g th  i s  an  im p o rta n t a s p e c t  o f  museru- 
l a r  e n d u ra n ce , and s in c e  m u scu la r endurance  was in c re a s e d  d u r in g  th e  
e ig h t  week t r a i n i n g  p e r io d ,  i t  was assumed t h a t  m uscu lar s t r e n g th  o f  th e  
e x t r e m i t ie s  was in c re a s e d  by th e  program  o f  i s o m e tr ic  e x e r c i s e s .
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2 .  T here i s  a  p ro g re s s iv e  in c re a s e  in  m uscu lar endurance o f  th e  
u p p e r  e x t r e m i t ie s  and sh o u ld e r  g i r d l e s ,  a s  dem o n stra ted  by th e  a b i l i t y  
to  do c h in  u p s , th ro u g h  a program  o f is o m e tr ic  e x e r c is e s  w hich r e l a t e s
d i r e c t l y  to  th e  amount o f  tim e  th e  t r a i n in g  i s  a d m in is te red »
3o The a v e rag e  in c r e a s e  in  c h in  ups f o r  th o se  s u b je c ts  who were 
below  th e  mean in  th e  i n i t i a l  t e s t  and th e  av erag e  in c re a s e  in  c h in  ups 
f o r  th o se  s u b je c ts  who w ere above th e  mean in  th e  i n i t i a l  t e s t  w ere 
a lm o st i d e n t i c a l .  The is o m e tr ic  e x e r c is e  program  d id  n o t ten d  to  
e q u a l iz e  th e  a b i l i t y  o f th e  in d iv id u a l  in  th e  g roup , b u t  tended  to  r a i s e  
th e  g ro u p 's  a b i l i t y  a s  a  whole w h ile  a t  th e  same tim e m a in ta in in g  a p p ro x i­
m a te ly  th e  same sp re ad  o f  s c o r e s .  On an  a v e ra g e , th o se  who w ere I n i t i a l l y  
in  th e  low er group o f  p e rfo rm an ce , in c re a s e d  th e  same number o f c h in  ups 
a f t e r  th e  8 week t r a i n i n g  program  a s  d id  th o se  i n  th e  u p p er b ra c k e t  o f  
p e rfo rm a n c e .
4., I s o m e tr ic  e x e r c i s e s ,  when s ix  second c o n tr a c t io n s  o f  maximal 
e f f o r t  w ere a d m in is te re d  d a i l y  f o r  a  p e r io d  o f e ig h t  w eek s ,d id  n o t cause
any  s i g n i f i c a n t  in c r e a s e  in  m u scu la r e x p lo s iv e  power o f th e  low er e x tre m i­
t i e s  f o r  p e rfo rm in g  th e  v e r t i c a l  jump. In  l i g h t  o f r e v e la t io n s  made in  
th e  s tu d i e s  t h a t  m uscu la r s t r e n g th  was in c re a s e d  th ro u g h  is o m e tr ic  t r a i n ­
in g ,  th e  f in d in g s  i n  t h i s  s tu d y , f a i l e d  to  in d ic a te  t h a t  in c re a s e  in  
s t a t i c  m u scu la r s t r e n g th  caused  in c re a s e  e x p lo s iv e  m uscu lar power a s  
m easured by  th e  a b i l i t y  to  p e rfo rm  th e  v e r t i c a l  jump.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
- 5 0 -
RECOMMENDATIONS
The fo llo w in g  recom m endations a re  p re s e n te d  based upon th e  
r e s u l t s  o f  t h i s  s tu d y «
1 . F u r th e r  r e s e a r c h  shou ld  be c a r r ie d  o u t to  f in d  how long  a 
p e r io d  o f  tim e a group would c o n tin u e  to  im prove in  th e  number o f  c h in  
u p s  th e y  co u ld  p e rfo rm  u n d e r an  ex tended  is o m e tr ic  t r a i n in g  program .
2 .  F u r th e r  r e s e a r c h  shou ld  be c a r r ie d  o u t to  f in d  what f a c to r s  
a r e  in v o lv e d  in  m uscu lar e x p lo s iv e  pow er.
3 .  I t  i s  recommended t h a t  t h i s  ty p e  o f  s tu d y  be c a r r ie d  o u t w ith  
l a r g e r  g roups o f  s u b je c t s .
I t  i s  recommended t h a t  more s p e c i f i c  m easurem ents be made 
in v o lv in g  m u scu la r s t r e n g th  a lo n g  w ith  th e  m easurem ent o f m uscu lar 
e x p lo s iv e  power and m uscu lar e n d u ra n ce .
5 . F u r th e r  s tu d y  sh o u ld  be made u s in g  s e le c te d  groups such a s  
low p h y s ic a l  g ro u p s , o r  g roups w ith  h ig h  p h y s ic a l  f i t n e s s  i n d ic e s .
6o I t  i s  recommended t h a t  is o m e tr ic  e x e r c is e s  be used  a s  an 
econom ical method f o r  developm ent o f  m uscu lar s t r e n g th  and endurance  and 
a s  an  econom ical method f o r  c o n tin u ed  m ain tenance  o f  m ascu lar s t r e n g th  
and e n d u ra n c e .
7 . S in ce  th e  s tu d y  re v e a le d  a  marked in c re a s e  in  m uscu lar endur­
ance  in  th e  u p p er e x t r e m i t i e s ,  i t  cou ld  be assumed th a t  e q u a l ly  b e n e f i c i a l  
e f f e c t s  shou ld  have been d e r iv e d  f o r  th e  low er e x t r e m i t i e s .  S in e s  the  
v e r t i c a l  jump t e s t  d id  n o t r e v e a l  any improved p e rfo rm an ce , i t  I s  
recommended t h a t  some o th e r  ty p e  o f  t e s t  be a d m in is te re d  oo m easure tn e  
e f f e c t s  o f  an is o m e tr ic  e x e rc is e  program .
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APPENDIX A
INSTRUCTIONS FOR CHIN UP AND VERTICAL JUMP TESTS
E x p erim e n ts , s im i la r  to  t h i s  on is o m e tr ic  e x e r c is e s  have been  
c a r r i e d  on th ro u g h o u t th e  U n ited  S t a t e s ,  Canada, and Germanyo These 
ex p e rim e n ts  have g r e a t  im p l ic a t io n s .  I so m e tr ic  e x e r c is e s  a re  b e in g  
u se d  to  h e lp  c u t  down on th e  in ju r y  r a t e  in  a t h l e t i c s  and to  d ev e lo p  
s t r e n g th  w hich i s  an  im p o r ta n t  p a r t  o f  f i t n e s s .  I t  i s  b e in g  recommend­
ed f o r  th e  r e h a b i l i t a t i o n  o f p a t i e n t s  who have had m uscular d i f f i c u l t i e s  
such  a s  p o l io n Q re l i t is  and i n  c o r r e c t iv e s  f o r  c e r t a i n  d e v ia t io n s  fo r  
lim bs and j o i n t s .  I t  i s  b e in g  recommended f o r  h e a r t  p a t i e n t s  s in c e  
even th e  s h o r t e s t  c o n t r a c t io n  w i l l  in c re a s e  s t r e n g th ,  w i l l  n o t s t im u la te  
an  in c r e a s e  in  c i r c u l a t i o n  and h e a r t  r a t e .
I n  o rd e r  f o r  th e  t e s t  r e s u l t s  f o r  t h i s  experim en t to  be c o rre c t, 
and to  g iv e  a  t r u e  i n d ic a t io n  o f  w hat t h i s  ty p e  o f  e x e r c is e  can d o , we 
m ust p u t  f o r t h  our maxim>rm e f f o r t ,  o r  we w i l l  have perform ed t h i s  
e x e r c i s e  t r a i n in g  program  f o r  n o th in g .
Be s u re  t h a t  you pe rfo rm  each t e s t  in  e x a c t ly  th e  same way.
C hin up t e s t s  -  Use an  over g r ip  on th e  b a r .  D o rl't swing v:'
S t a r t  from  a f u l l y  ex tended  p o s i t io n  on each  c h in  and p a ss  th e  ^h in  above 
th e  b a r  on each  p a l l  u p . Only a  com plete c h in  w i l l  be co u n ted .
Group one and two w i l l  work on th e  w est end o f  th e  h o r i r c n t a l
l a d d e r .  Group th r e e  and fo u r  w i l l  work on the  e a s t  end o f  the l a o d e r .
Each w i l l  go to  th e  t a b l e  and p ic k  up h i s  c a rd  and g e t in  a s in g le  l in ?
a t  th e  p ro p e r  end o f th e  la d d e r .  As you tak e  youi* tu r n ,  hand tne  ca r d
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t o  th e  s tu d e n t  r e c o rd e r  and p e rfo rm  your c h in  u p s .
V e r t i c a l  .jump -  Form in  one l i n e  and remove your shoes and 
s to c k in g s .  When i t  i s  your tu r n  ru b  ch a lk  on your f in g e r s  and s ta n d  
w ith  your to e s  to u c h in g  th e  w a l l ,  w ith  your h e e ls  on th e  f l o o r .
K eeping your h e e ls  on th e  f l o o r ,  re a c h  up w ith  your arms ex tended  and 
to u c h  a s  f a r  up th e  b lac k b o a rd  a s  p o s s ib le  and ru b  th e  c h a lk  on th e  
b o ard  w ith  your f i n g e r t i p s .  T h is g iv e s  your s ta n d in g  m easurem ent.
T h is  m easurem ent w i l l  be u sed  a s  a b a s is  f o r  a l l  th r e e  t e s t s  o f  th e  
p rog ram . You w i l l  th e n  tu r n  sidew ays to  th e  w all and from a crouched  p o s i­
t i o n ,  jump and w ith  th e  f i n g e r t i p s  o f th e  hand n e a r e s t  th e  w a l l ,  to u ch  
a s  h ig h  a s  you a re  a b le .  T h is  w i l l  be r e p e a te d  two more t im e s . B efore  
each  jum p, ru b  c h a lk  on your f i n g e r t i p s  o f th e  hand n e a r e s t  th e  w a l l .
The g r e a t e s t  h e ig h t  marked by th e  f in g e r s  w i l l  be re c o rd e d  to  th e  
c lo s e s t  in c h  a lo n g  w ith  th e  s ta n d in g  h e ig h t  m easurem ent.
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APPENDIX B
CHIN UP AND VERTICAL JUMP TESTS RESULTS
Case C hin up V e r t i c a l  Jump
No T e s ts  T e s ts
1 2 3 1 2 3
1 10 10 12 18 17 17
2 1 2 2 19 18 19
3 3 it 5 19 18 20
U 2 it it lit lit 15
5 8 8 9 19 19 19
6 9 9 9 20 21 20
7 8 8 11 23 2it 22
8 7 7 9 25 26 26
9 10 11 11 22 22 22
10 5 8 7 22 21 22
11 6 9 9 17 18 18
12 h 6 6 16 16 18
13 2 2 it 20 20 20
lU 8 8 9 23 22 21
7 6 8 18 21 21
16 10 10 12 22 23 23
17 9 10 11 2it 2it 2ii
18 1 1 2 16 17 17
19 9 11 11 25 2lt 25
20 7 7 9 21 22 22
21 3 it 6 23 21 21
22 8 10 11 2it 2it 26
23 5 5 6 23 23 23
2h h 5 6 20 15 19
25 8 11 12 26 27 27
26 3 3 it 19 19 19
27 5 7 10 20 20 20
28 9 11 lit 25 2it 25
29 U 5 7 20 20 20
30 it 7 8 17 17 17
31 h 6 9 2it 2it 2it
32 k 5 6 2it 2.3 2it
33 10 12 12 21 22 21
3h 6 10 12 18 17 17
35 0 1 1 17 17 16
36 it 6 7 19 20 21
37 it 5 5 18 16 16
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Name John Doe Gp, No.
C o lle g e  a d d re ss C ra ig  H a ll
Cxass
M ajor
Soph. Age 20
E n g lish
P . E, a c t i v i t y  f a l l  q u a r t e r _  g c lf_ P re g e n t  o u ts id e  a c t i v i t y  s k iin g
Heme a d d re s s  _ M isso u la , M :ntana___________________
S p o r ts  i n  w hich you re c e iv e d  l e t t e r s  and number o f  l e t t e r s  f ;  
each  None
T e s t  INo«C i V . J Group E c ta t io n
20
20 Bar No« _  
C hain  Cye
Leg Exs 
P o s t  Hole U
SAMPLE OF SUBJECT'S RECORD CARD
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